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LOI GIOI THIEU
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xay dwng bd sach dat chuan chuyén mén trong cong tac dao tao nhan luc y té.

Sach Hoa dai cwong duwoc bién soan dua trén chuong trinh giao duc cua
Truong Tredng Pai hoc Y Ha NOoi trén co sé chuvong trinh khung dad dwgc phé duyét.
Sach dwoc PGS.TSKH. Phan An (Chu bién), TS. Nguyén Si Dac va DS. Lé Hiu Tri
bién soan theo phwong cham: Kién thirc co ban, hé théng; ndi dung chinh xac, khoa
hoc; cap nhéat cac tién bd khoa hoc. k¥ thuat hién dai va thuc tién Viét Nam.

Sach Hoa dai cuvong da dugc Hoi dong chuyén mén tham dinh sach va tai liéu
day - hoc chuyén nganh béac s da khoa clla BO Y té tham dinh nam 2007. B0 Y té
quyét dinh ban hanh tai liéu day —hoc dat chuan chuyén mon ctia nganh trong giai
doan hién nav. Trong thoi gian tir 3 dén 5 nam, sach phai duoc chinh ly, bd sung va
cap nhat.

BO Y té chan thanh cam on cac tac gia, ThS. Nguyén Thi Nguyét va Hoi dong
chuyén mén tham dinh da gilp hoan thanh cudn sach; Cam on PGS.TS. Déang Van
Tinh, TS. DPang Véan Hoai da doc va phan bién dé cudn sach sém hoan thanh kip thoi
phuc vu cho cdng tac dao tao nhan luc y té.
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Bail

CAU TAO NGUYEN TU

MUC TIEU

1. Phan tich dwoc nhitng wu diém va nhugc diém cla cac mau nguyén t& c6 dién cla
Rutherford va Bohr.

2. Trinh bay duwoc nhi*tng luan diém co ban cia thuyét co hoc lvgng tlr trong viéc
nghién clru nguyén tc.

3. M6 ta dugc nhitng dac trwng cla cac orbital (may electron) nguyén tt.

4. Van dung duoc nhitng quy luat phan bdelectron trong nguyén tir, d€ biéu dién cdu
hinh electron clia nguyén t&r mot nguyén to.

5. M6 ta duoc clu tric cla bang tuan hoan cac nguyén t6 hod hoc va quy luat bién
thién tinh chat cla cac nguyén t6 trong bang tuan hoan.

MO BDAU

m Khai niém nguyén tlr "axolioo” (khéng thé phan chia) da dwoc cac nha triét
hoc ¢6 Hy Lap duva ra cach day hon hai ngan nam.

m Nam 1807 Dalton, trén co s& cac dinh luat co ban cua hoa hoc, dd dua ra gia
thuyét nguyén t&r, thira nhan nguyén t& la hat nhé nhat cdu tao nén cac chat,
khong thé chia nho hon bang phwong phap hoa hoc.

m Nam 1811 Avogadro, trén co s& gia thuyét nguyén tlr cia Dalton da duva ra
gid thuyét phan t, thira nhan phan tlr dwoc tao thanh tir cac nguyén ti, la hat nho
nhat cia mot chdt, mang day da tinh chéat cta chat do.

m Nam 1861 thuyét nguyén ti, phan t chinh thirc duoc thira nhan trong hoi
nghi hoa hoc thé gi¢i hop tai Thuy S.

m Chi dén cudi thé ky xi1x va dau thé ky xx voi nhitrng thanh twu cla vat ly
cac thanh phan cdu tao nén nguyén t& lan luot dwoc phat hién.

1. THANH PHAN CAU TAO CUA NGUYEN TU

Vé mat vat ly, nguyén tr khdng phai la hat nhé nhat ma c6 cadu tao phtc tap
godm it nhat la hat nhan va cac electron. Trong hat nhan nguyén t& c6 hai hat co
ban: proton va notron.



Hat Khéi lvong (g) bién tich (culong)

electron (e) 9.1.10-B - 1.6.10-19
proton(p) 1.673.10-4 +1.6.10'19
notron(n) 1,675.10-“ 0
—Kh6éi lvong cla e = khoi lugng p.
1840

—bién tich cla e la dién tich nhé nhat va duoc ldy lam don vi dién tich, ta néi
electron mang Idv dién tich am (-e) con proton mang Idv dién tich duong (+e).

—N¢éu trong hat nhan nguyén t&r ciia modt nguyén td nao do6 cd z proton thi
dién tich hat nhan la +Ze va nguyén tir d6 phai c6 z electron, vi nguyén ti trung
hoa dién.

—Trong bang tuan hoan, sb tht t clia cac nguyén t6"cling la s6"chi dién tich
hat nhan hay sé proton trong hat nhan nguyén t& cia nguyén t&" do.

2. NHUUNG MAU NGUYEN TU ¢c6 DIEN

2.1. Mau Rutherford (Rozofo - Anh) 1911
TU thi nghiém ban cac hat a qua mot 14 vang mong, Rutherford dd dua ra
mau nguyén t& hanh tinh (hinh 1.1).

—Nguyén tr gdbm mot hat nhan & gilra va cac electron quay xung quanh giéng
nhu cac hanh tinh quay xung quanh mat troi.

—Hat nhan mang dién tich duong, c6 kich thwéc rat nhé so véi kich thwdc cua
nguyén t& nhwng lai tap trung hau nhu toan bd khdi lvong nguyén tu.

Mau Rutherford da giai thich dwoc két qua thi nghiém trén va cho phép hinh
dung mot cach don gidn cdu tao nguyén ttr. Tuy nhién khéng giai thich dwoc su
ton tai cla nguyén tlr va hién twong quang pho vach clia nguyén tb.

Hinh 1.1. So dd thi nghiém cda Rutherford va miu nguyén tlr hanh tinh

2.2. Mau Bohr (Bo - Ban Mach) 1913

Dva trén thuyét lwgng t& cta Planck (Pldng) Bohr da duva ra hai dinh dé:
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— Trong nguyén t&r electron chi cé thé quay trén nhirng quy dao xac dinh goi
la cac quy dao lvong tér, mbi quy dao (’ng véi mot mic nang lweng xac dinh.
Quy dao lugng tr phai thod mén diéu kién sau:
mvr =n -h (1.1)
2n '
h: hang s6'Planck 6,62.10~27erg.s
m: khoi lvgng electron
v: toc d6 chuyén ddng cua electron
r: ban kinh quy dao
n: sé nguyén tr 1, 2, 3... n dugc goi la sé lvong tw
Tich mvrgoi la momen dong lvong
—  Khi quay trén nhi*tng quy dao lugng tir electron khéng phat hay thu nang
lvong. N6 chi phat hay thu nang lwgng khi chuyén tr mét quy dao nay sang mot
quy dao khac.

Lyman Balmer Passen

N

E,/g M
Ej/4

E1l K

Hinh 1.2. Cac quy dao luvong tir theo thuyét nguyén tlr clla Bohr va su tao thanh cac day quang
ph6 vach ctia nguyén tir hydro
Dwa vao nhirng dinh luat cta co hoc co dién Bohr da tinh dwoc ban kinh r
cla cac quy dao electron trong nguyén ti* hydro va gia tri nang lvong E cua
electron tuvong tng trén cac quy dao do:
12

47i2me2 (1.2)

e: gia tri tuyét doi cha dién tich electron
Electron chuyén dong duoc trén qui dao nho sw can banggilra lwc ly tam va luc hat culong:
mv



hay mv2r =e2
Két hop véi diéu kién quy dao Bohr (1.1) ta dugc bi€u thirc tinh rn(1.2)
Néu thay cac gia tri ctia hang sd (Hé don vi CGS):
h =6,62.10~27ec.s
m =9,1.10~28g
e = 4,8.10~10dutd
vao phuong trinh (1.2) ta duoc:
rn=n20,53. 10" cm =n2 0,53A. (1 A =10%cm)

<

T do: rj= 12.0,53 A = 0,53 A

r2=22 0,53 A = 4rx
r3=320,53 A =9rx

rn=n20,53A =n2rx

En=--¥ ~ | £ (L3)
N&ng luvong toan phan cua electron bang téng dong nang va thé nang:

E="1TL-£.

thay mv2 béng e ta o6
r

2r r 2r
r/iay €ia iri cla r tir (1.2) ta duoc (1.3)
Néu thay cac gia tri cia hang s6’vao (1.3) ta duoc:

El=- —2.18.10-lec =- 13,6 eV (1 ec = 6,24.10n eV)

E2=- 13,6 eV = eV

En=—ir 13,6eV= EL eV
n n

T cac cong thirc (1.2) va (1.3) ta thdy sé n lam gian doan (nhuv ngudi ta noi n
da lvong t&r hoa) ban kinh quy dao electron va nang lwgng cua electron trong
nguyén tr. Vi vay n dugc goi la sé lvong to.

Thuyét Bohr da cho phép giai thich cau tao quang ph6 vach cta nguyén t
hydro va tinh duoc ban kinh-etra-nguyén-tir-hydro-é¢trang thai co ban.
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Binh thwong nguyén tlr & trang thai c6 nang lvong thap nhat (trang thai co
ban). Khi bi kich thich cac electron chuyén tir trang thai co ban (quy dao gan
nhan nhat) sang trang thai cé nang lwgng cao (quy dao xa nhan hon). Trang thai
kich thich la trang thai khéng bén nén ngay lap tic electron lai tré vé trang thai
co ban (co thé qua mot s6 trang thai trung gian). M6i budc nhay phat ra mot
lvong tl twong (rng véi mot vach trén quang phd cla nguyén t.

Tuy nhién thuyét Bohr khong giai thich dvgc quang pho6 cla cac nguyén ti
phtrc tap cling nhw sw tach vach quang pho duéi tac dung cla tlr treong. Diéu doé
cho thdy rang déi véi nhirtng hat hay hé hat vi moé nhu electron, nguyén t& thi
khong thé 4p dung nhitng dinh luat cta co hoc co dién. Cac hé nay cé nhirng dac
tinh khac vai hé vi md va phai duoc nghién ctru bang co hoc lwgng ti.

3. NHUNG TIEN PE cta co hoc lvong to

3.1. Thuyét lwvgng tlr Planck (Plang - Brc) 1900
—Anh sang hay btc xa néi chung khéng phai 1a lién tuc ma gdm nhirng lvong
nhd riéng biét goi la nhirng luong to.
- MGi lvong t&r mang mot ndng lwgng tinh bang biéu thic:
E=hv (1.4)
v: tan so cla buc xa.

3.2. Thuyét séng - hat cia anh sang

Thuyét song vé anh sang dwgc Maxwell (Macxuen) dwa ra nam 1865 da gidi
thich duoc hién twong nhiéu xa, giao thoa cia anh sang nhwng khong giai thich
dwoc hiéu &ng quang dién.

Theo thuyét lvong tl thi anh sang gébm nhitng lugng t& nang lvong E = hv phat
di tr ngudn sang. Mat khéac theo hé thirc tvong doi Einstein (Anhxtanh) E = mc2thi
mot vat thé bat ky néu mang nang lvong E sé ¢ khéi lwong m = . Nhu vay anh
sang c6 tinh chéat hat. Ngay nay nguoi ta thra nhan ban chat séng - hat cla anh
sang. TU hé thirc Einstein va thuyét lvgng tlr ta co:

mc2= hv

mc2=h —
X

tir do: =— (1.5)
mc

3.1. Tinh chat séng - hat ctia hat vi mé (electron, nguyén t&r, phan tc...)

Nam 1924 De Broglie (Bo Broi - Phap) trén co s¢ thuyét séng - hat cla anh
sang da dé ra thuyét song = hatcla vat chat:

13



Moi hat vat chat chuyén dong déu lién két véi mot séng goi la séng vat chat
hay song lién két, cé buwdc séng Xtinh theo hé thirc:

X = (1.6)

mv
m: khoi lugng cla hat
v: t6c d0 chuyén dong cla hat
Nam 1927 Davisson va Germer da lam thuc nghiém cho thdy hién twong nhiéu
xa chum electron. Nhuv vay ban chéat song cua electron ciing dugc thira nhan.

Nam 1924 nguoi ta dd xac dinh duoc khoi lvong cla electron nghta la thira
nhan electron cé ban chat hat.

Vi du:
Electron khoi lvong 9,1.10~8g chuyén dong voi van toc ~ 10Hcm/s sé c6 mot song lién
két voi Atinh theo biéu thirc (1.6)

x= &% | . 7.1o0«
9,1.10 .10

Nhuv vay: electron vira c6 ban chéat sdng vira c6 ban chat hat.

Poi v6i nhitng vat thé vi mo, m cb gia tri rdt 16n so vai hang s8'h nén X co gia
tri rdt nho, vi vay c6 thé bd qua ban chat séng.
Vi du:

Mot 6t0 c6 khoi lwong 1000 kg chuyén dong vai toc do 72 km/h sé cd mot song lién két

106.2.10
budc séng nay la vo cling nhd vi vay thuc té ¢ thé bd qua.
3.2. Nguyén ly bat dinh Heisenberg (Haixenbec - Brc) 1927
DPoi voi hat vi md khong thé xac dinh chinh xac dong thoi ca téc do va vi tri
AXAV >— — (1.7)
271171
Ax: dd bat dinh v& vi tri
Av: do bat dinh vé toc do
m: khdi lugng hat
Theo hé thirc nay thi viéc xac dinh toa do cang chinh xac bao nhiéu thi xac
dinh téc d6 cang kém chinh xac bay nhiéu.
Vi du:

NEu lay do bat dinh cla phép do vi tri electron trong nguyén tir Ax la 10~10cm (nguyén
tlr c6 dwong kinh c& 10 ~8cm).thi dd bat dinh trong phép.do téc do sé la:
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Au=__ 6,62 10 7------ wiowocm|S
6,28.9,1.10810w

nghta la gap mot sai s6xdp xi bang téc do clia anh sang.

4. KHAI NIEM Co BAN VE co HOC LUQNG TU

4.1. Ham séng

Trang thai cia mot hé vi mé sé hoan toan dwoc xac dinh néu biét quy dao va
toc dd chuyén dong cla ndé. Trong khi dé dbi véi nhitng hé vi md, do ban chat séng —
hat va nguyén ly bat dinh, khai niém quy dao khdng con y nghTa nira.

Trong co hoc luong t& mdi trang thai cia mot hat hay hé hat vi mo dwgc mé
td bang mot ham xac dinh goi 1a ham song hay ham trang thai I/ (x, y, z) (doc Ia:
poxi) clia cac bién sb x, y, z trong toa do Decard hay \u (r, 0, () cla cac bién so'r, 9,
0 trong toa do6 cau.

Ba&n than ham séng \Wf khdng c6 y nghta vat ly gi nhung M2lai c6 y nghia vat
ly rdt quan trong.

— viz biéu thi mat do xac sudt tim thay hat tai mot diém nhéat dinh trong
khong gian.

—viz dv bi€u thi xac sudt tim thay hat tai mot thé tich nguyén t6" dv.

tbng vbi y nghfa vat ly cla M2 ham séng VW phai thod man mot s6 diéu kién
nhu: don tri, lién tuc, gi¢i ndi va phai duoc chuan hoa.

Ham u/phai don tri nghia la chi c6 mot gia tri tai mot diém xac dinh, clng chinh la n6
xac dinh mot cach don gi& xac suat tim thay hat tai mot diém nhat dinh.

Ham u/phai lién tuc va gi¢i ndi nghia la né phai ti€én dan dén 0 khi r tién dan dén
vO cung.

Ham o phai dwgc chuan hoa. vé mat todn hoc diéu kién nay dugc thé hién &
phuong trinh:

u/ dv =1c6 nghia la xac suat tim thay hat trong toan bd khong gian la 1

Ham song w nhan duoc khi gidi phwong trinh song.

4.2. Phuong trinh song

Co s& cla co hoc lwgng tir 1a phuong trinh song do nha bac hoc Ao Schrodinger
(Srodingo) dwa ra ndam 1926. D6 la phwong trinh mé td trang thai chuyén dong
clia hat vi md trong khéng gian.

Phuwong trinh cé dang nhu sau:

02
-f- (1.8)
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U: thé nang cla hat
E: nang lvong toan phan cla hat
m: khdi lvgng cla hat
Phuong trinh Schrodinger thuong dugc viét & dang rat gon:

AV + — (E-U\|/ =0 (1.9)

A= ——+——+—— goi la toan ti Laplas
0x2 @y2 0z2
Po6i voi mot bai toan cu thé, thay U bang biu thic tinh thé ndng cla hat va
gidi phuvong trinh ta nhan dugc cac nghiém \Mj, W2 Mfg.. Whdac trung cho céc trang
thai khac nhau cla hat vi mo va cac gia tri nang luong ¢ng véi moi trang thai do.

5. NGUYEN TU HYDRO VA NHUNG ION GIONG HYDRO

Nguyén t&r hydro la nguyén t& don gian nhat. N6 chi gobm mot electron
chuyén dong trong treong thé cla hat nhan mang dién tich +1. Cac hat He+ Li2+
cling la nhirng hé gan giéng nguyén t&r hydro, chi c6 mot electron. Vi vay phuong
trinh Schrodinger cho céc trvong hop nay co thé giai duwgc chinh xac. Nhirng két
qua thu duoc tlr viéc gidi bai toan ddi voi nguyén tlr hydro la co s& cho hé thdng ly
thuyét vé cdu tao nguyén tu.

5.1. Phwong trinh Schrodinger doi véi nguyén t&r hydro

Nguyén ti hydro gom hat nhan mang dién tich + e va mot electron mang dién
tich —e. Do tuwong tac tinh dién voi proton, electron c6 mot thé nang U = —e2r. Tl
do phuong trinh Schrodinger cho bai todn nguyén tir hydro cé dang:

(1.10)

r: khodng cach tur electron dén hat nhan
D0oi voi treong hop He* va Li2*biéu thirc thé nang sé la:
- Ze2lr z la dién tich nhan
Vi trrong thé co doi xirng cau nén dé thuan tién cho viéc tinh toan nguoi ta st
dung toa dd cau. Khi d6 ham Iy la ham cula cac bién s8'r, 0, q
Giai phwvong trinh (1.10) nguoi ta dugc cac ham \u (r, 0, (p), tiv d6 tim dwoc v
(r, 0, @) biéu thi xac sudt tim thdy electron tai nhitng diém khac nhau trong
khong gian nguyén t&, nang lvgng toan phan E, mémen dong lvgng M, hinh chiéu
cla mdmen dong lvgng Mz cla electron twong ng voi cac ham do. Trong biéu
thirc tinh cac dai lugng nay xudt hién nhirng con s6 nguyén n, 1, m twong (ng
duoc goi Ja cac 0" lugng to.
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5.2. Orbital nguyén tlr. May electron

Phwong trinh Schrodinger c6 v s6'nghiém. D6 la nhitng ham w (r, 0, (p), dwvoc
goi la céac orbital nguyén ti (atomic orbital) viét tat 1a AO. Nhu vay:

Orbital nguyén tlr la nhitng ham séng mé ta cac trang thai cla electron
trong nguyén to.

Mo6i ham song Ia tich clGa hai phan: Rl (r) goi 1a phan béan kinh va phu thudc
vao khoang cach r; Yim (0, (p) goi la phan géc phu thudc cac goéc 0, @

Viim (r*°" g9 = Rnl (r). YIm(0, o (1.11)

BANG 1.1. MOT SO ORBITAL CHINH CUA NGUYEN TU HYDRO

Ky hiéu orbital R (1) Yim(0.9)
1s 2e" 1
2yfi
2s 1
—U_ (2-r1rne-"2
2yJI1 2yfn
g
4 1 re'2 | 3 OO0
11 4
2 " o
by 2\\;6 r.e~2 Vi sin0 sino
2Px
1 re'l 3 sing cos(p
2jé 114n
Vi du:

Nghiém don gidn nhat mo ta trang thai co ban cua electron (trang thai e co
nang lvgng thdp nhéat) trong nguyén tl hydro c6 dang:

w=%  H=1_2¢
Nt Vi

Ham nay chi phu thudéc vao bién s6 toa do r. T ham nay ta biét dwgc MT (r)
bi€u thi mat dé xac sudt cd mat electron tai vi tri twong ng.

Biéu dién sy phu thudc cia ham M2 theo khoang cach r ta dwoc dwdng cong
phan b6 mat dd xac sudt cd mat electron & trang thai co ban (hinh 1.3). Theo do:

- Mat dd xac sudt c6 mat electron gidm dan tir hat nhan ra ngoai.

- & khoang cach xa hat nhan \M2c6 gia tri nhé nhwng khéng bang 0. (Budng
bi€u dién khong cat truc hoanh ma chi tiém can voi truc nay).

Mot cach hinh &nh nguoi ta cling c6 thé biéu dién sy phan bd' mat do xac suét
tim thay electron trong " mjypa-t¢-bnrp nhtnpr, Him cham. Mat dd cta cac chdm sé

2- HOAPAICUONG



I6n & gan nhan va thra dan khi cang xa nhan. Khi dé orbital nguyén tlr giéng nhuw
mot dam may electron. De dé hinh dung nguoi ta thuong coi:

May electron la vung khdéng gian xung quanh hat nhan trong do tap
trung phan lén xac sudt cé mat electron (khoadng 90 - 95% xac suat).

Nhuv vay may electron c6 thé coi la hinh anh khong gian cla orbital nguyén ti

Hinh 1.3. May 1s (a) va 2s (b)

5.3. Cac sb lvong tw

Nhuv da néi & trén cac s6 lugng tlr xudt hién trong quéa trinh gidi phuong trinh
Schrodinger dé tim mot s6’dai lvgng dac treng cho mot AO.

Nhu vay 1a moi ham song \ii (hay moi AO) duoc dic treng (dugc xac dinh) bai
4 tham sé n, 1, m, msgoi la cac s6’luvong ti.

5.3.1. SO lugng t&r chinh n
—n nhan cac gia tri tv 1, 2, 3.... n.
—n xac dinh nang lvong cda electron trong nguyén tlr theo biéu thic:
1 2ir2me4
n n
—Cac AO c¢6 cung n sé c6 cung mdt mic nang lvgng va tao ra mét Iép orbital
nguyén to.
n 1 2 3 4.. n
Ky hiéu l6p K L M N...
Mic nang luong Ej  e2 e3 E4... En

5.3.2.S6 lvgng ta phu |
- Céac gia tri cha 1phu thutc vao sd*lvong tchinh1=0, 1,2.. (n- 1)
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—1xac dinh momen dong lvong cda electron trong biéu thic:

M= %rnVK|+1) (1-12)
- rng vOi mot gia tri cia n (mot I6p) co n giad tri cta 1(n phan 16p)
Lop n
K n=1 1=0
L n=2 1=0 1=1
M n=3 1=0 1=1 1=2
N n=4 1=0 1=1 1=2 1=
Ki hiéu phan lép p d f

s
Mudn chi ra mot phan I6p thudc 16p nao nguoi ta viét s6 thi tw l6p trude ky
hiéu phan lap.

Vi du:
2s chi electron (hayAQ) thudc phan l6p s 1= 0) cta I6p 2 (n = 2).
K o USSR d@=2)inn. 3(n=23).

5.3.3. SO luvgng t&r tr m
—m nhan cac gia tri tir - 1dén + 1ké ca s0 0. Nhu vay rng v&i mot gia tri cla
1c6 21 + 1 gié tri cia m.
- m xac dinh hinh chiéu cta momen dbéng lvong Mzcla electron trén mot
phrong z clia tredng ngoai, trong biéu thic:
Mz= (1.13)
Nhu vay cac AO c6 Mzkhac nhau (c6 m khac nhau) sé dinh hvdng khac nhau
trong khéng gian, m quyét dinh huéng cla AO hay huédng ciia may electron.
Phadnléop s 1=0 m=0 chi ¢c6 moét cach dinh huéng.
Phanléep p 1=1 m=—4,0, +1 c6 3 cach dinh huéng tvong ng:
Px> Pz, Py
Phanlép d 1=2 m=-4, -2 0, +1, +2 ¢c6 5cach dinh hwdng tvong tng:
d¥>dyZ d,, d272 dx

5.3.4. SO lvgng tkr spin ms

Nghién cltu quang ph6 cla cac nguyén td nguoi ta thdy can gid thiét thém
rang electron ngoai chuyén dong quanh nhan con tv quay quanh truc riéng cla
n6. Chuyén dong nay duoc goi la spin va duoc dic treng bang sé luong ti spin m .

machi c6 hai gia tri |a+A2 va —
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Nhu vay trang thai cta moi electron trong nguyén tir duoc dic treng bdi bon
s6 lvong tr n, L m, ms: \ihimm dwoc goi la orbital toan phan

\ihImduwgc goi 1a orbital khéng gian.

BANG 1.2. TRANG THAI LUONG TU CUA ELECTRON THUOC BA LOP PAU

V] n I m AO S6 AO Sée
Vioo 1 0 0 1s 1
Ma1-1 2 1 2p*

V210 1 0 2. 3 6
Vo +1 2py

V300 0 0 3s 1 2
Va1 -1 3px

V310 1 0 8 . 3 6
Vain 3 +1 3py
V32-2 -2 3dX¥
V321 -1 3dyZ

V320 2 0 & . 5 10
Vazei +1 3d 2 2

XZ-yz

V3242 +2 3dzx

5.4. Hinh dang va dau cua cac orbital (cac may electron)
Nhuv da biét ham séng mo ta trang thai cia mot electron c6 dang:
Vnim (r, 0, 9 = R,,i (r). YIm (0, 9
R(r) 1a phan ban kinh, quyét dinh kich thwéc cta AO.
Y(0, 0) la phan gdc, quyét dinh hinh dang cta AO.

Néu biéu dién sy phu thudc clia phan goéc cia ham song vao céac goc 0, @khi r
khong doi, (r dwoc tron nhuw thé nao dé bé mat gidi han thu duoc bao chum mot
khong gian trong dé xac sudt c6 mat electron chiém 90 - 95%) thi cac bé mat gidi
han nay cho ta hinh dang cla cac orbital hay cac may electron (hinh 1.4).

Mat khac vi orbital 1a mot ham W (x, y, z) hay V¥ (r, 0, ) ma céac bién sé la cac
toa do khong gian, nén tuy theo cac tri clia bién ma ham cé thé cd gia tri dwong
hay am. Nguoi ta thwdng ghi ddu + hodc —trén mat gi¢i han biéu dién hinh dang
cac orbital.

Orbital s c6 dang hinh cau.

Céc orbital px py, pzco hinh-sd-8-ndi-hwéng-theo-3-truc toa do ox, oy, oz.
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Céac orbital dxy, dyz diXdéu c6 dang hinh hoa thi (4 cdnh) huéng theo dwong
phan gidc cla cac gbc twong rng Zxoy, Zyoz, ZzOxX.
Orbital d, , c6 dang hoa thi nhung hudng theo 2 truc ox va oy.

Riéng orbital d gbm hinh $8"8 ndi hwéng theo truc oz va mét vanh khin nam
trén mat phang xoy. Du6i day 1a hinh dang cta mot s8"AO va ddu cia né:

Ay ‘zX
yz

Hinh 1.4. Hinh dang va su sap xép trong khéng gian ctia mét sé orbital nguyén tr

6. NGUYEN TU NHIEv ELECTRON

6.1. Md hinh vé cac hat doc lap hay md hinh dang hydro

Khac véi nguyén tir hydro, trong nguyén ti nhiéu electron ngoai nhiing tuong
tac gilta cac electron va hat.nhan..con.cé.nhitng-twong tac gilta cac electron voi
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nhau. Trong trwvong hop nay phwdng trinh Schrodinger chira qua nhiéu bién sé nén
khong gidi dwgc chinh xac. Vi vay ngudi ta phai st dung mot phuong phap giai gan
dang dwa trén mot mo6 hinh gan dung thich hop goi la mé hinh vé cac hat doc lap.

Trong nguyén t& nhiéu electron, mdi electron chuyén déng doc lap véi cac
electron khac trong mot trvong trung binh cé ddi xirng cau tao béi hat nhan va cac
electron khac.

Trén co s¢ do nguoi ta xét riéng tirng electron, dwgc goi la trang thai don
electron. Nhuv vay, bai toan N electron da chuyén thanh N bai todn don electron
gibng nhu trwong hop nguyén ti hydro. Nghia la cac orbital trong nguyén t
nhiéu electron ciing dwoc dic trwng bang cac so' lwong t&r n, 1 m, msva cd hinh
dang twong tv nhu & nguyén ti H, chi khac vé kich thwéc va nang lugng.

6.2. Quy luat phan bo cac electron trong nguyén tw

6.2.1.Nguyén ly ngan cdm Pauli (Paoli-Thuy S7), s6 electron tdi da 6 moi lop

Trong nguyén tlr khdng thé cé hai electron giong nhau ca bon sélvgng to.

Dbiéu nay cling c6 nghta la trong mdt nguyén t&r néu hai electron dugc mo ta
bang ham séng \ifMmcé cac sd lugng t&r n, 1, m gidong nhau thi chdng phai co spin
khac nhau, s6 lvong tr th¢ tu phdi khac nhau.

Vi s0 lvong t&r spin chi cé hai gia tri nén theo nguyén ly Pauli diéu dé ciling co
nghTa la trong moi AO chi cd thé co t6i da hai electron. Tir do ta c6 thétinh duoc
s3"electron t6i da trong moi phan I6p (phan mic), trong mbi 16p.

tng voi mot gid tri cha ncén gid tri cla 1

tbng voéi mot gia tri cha 1cd (21 + 1) gia tri ctia m.

Vi mschi c6 hai gia tri +—va ——nén phan mac 1chi c6 nhiéu nhat2(21 + 1)

electron va tong so electron ca mot mic (hay 16p) sé la:

X" 221 +1)= 2n2 (1.14)
1=0
Vi du:

Phan murc S L=0) co6 LAO (s), tdi da coO 2 electron

Phan mic p L=1) c6 3A0 (px pVv, pJ toi da co 6 electron

Phan muc d L=2) c65AO0, tdi da co 10 electron

Phan muc f @=3) c67AO, tdi da co 14 electron

& muc n=1 c¢o2electron

& muc n=2 cob8electron (2e & phan mkc s + 6e & phan muc p)

¢ mic n=3 c¢o6 18 electron (2e &..s + 6e ¢...p + 10e §... d)

¢ mirc n =4 ~c6-32-electron-(2e-¢-s+6e-Gp + 10e & d +14e 6 f)
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6.2.2. Nguyén ly virng bén. Cau hinh electron cla nguyén t
Trong nguyén tl cac electron chiém lan lwot cac orbital c6 nang lvong tir thap
dén cao.

Bang phwong phap quang phd nghiém va tinh toan ly thuyét nguoi ta da xac
dinh dwgc th tv tdng dan nang lwgng cla cac AO theo day sau day:

Is 25 2p 3s 3p 4s « 3d 4p 5s » 4d 5p 6s «4f» 5d 6p 7s 5f« 6d 7p...

Dé nhé dwoc thiv tw bac thang nang lwong nay ta dung so do sau:

Day nang lwveng nay tuan theo mot quy tac sau day goi la quy tic Kleskovxky:

—Mtc nang lvong ctia AO tang dan theo tri s6 (n+1)

Vi dw

3s (3+0) <3p (3+1); 4s (4+0)<3d (3+2)

- Hai AO ¢6 (n+1) bang nhau thi AO nao c6 n 16n hon sé c6 nang lvgng cao
hon.
Vi du:

4p 4 + 1) <5s (5 +0); 4d (4+2)<5p (5+ 1)

Dwa vao nguyén ly Pauli va nguyén ly vitng bén nguoi ta cd thé biéu dién
nguyén t&r cla mot nguyén t6' bang cdu hinh electron.

DEé c6 cau hinh electron clla mot nguyén t6, trudc hét ta dién dan céac electron
vao bac thang ndng lvong cia cac AO. Sau dd sép xép lai theo tirng 16p AO.
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Vi du:
He z=2 1s~

Li (z=3 1s“ 2s'

Cl (z=17) Is2 252 2p6 3s2 3p5

Sc (z=21) Is2 2s2 2p6 3s2 3p6 8

Chu y: c6 m6t s6 ngoai Ié:

Cu (=29 Is2 252 2p6 3s2 8O 3dD4s1
Cr (z=24) Is2 2s2 2p6 3s2 3p6  3d54sl1

Céu hinh 3d104s1(trang thai voi bdo hoa) bén hon cdu hinh 3d94s2
Cac nguyén t6' Ag (z = 47) va Au (z = 79) cling c6 cau hinh tvong tv Cu
Cau hinh 3d54s1(trang thai vdi nra bdo hoa) bén hon cdu hinh 3d14s~
Nguyén td Mo (z = 42) c6 cau hinh twong ty Cr

6.2.3. Quy tdc Hund (Hun - Btic), cdu hinh electron dang 6 lvong ti
Ngoai cach biéu dién cac AO dudi dang cobng thirc nhu trén, nguoi ta con biéu
dién mbi AO bang mot 6 vuéng goi la 6 lwvgng tr. Cac AO cla cung mot phan mic
duoc biéu dién bang nhirtng 6 vudng lién nhau. Vi du:
Is 23 2p 3d

>

O O cC m 11 O (I
Trong moi 6 lwong tlr chi co thé cd 2 electron c6 spin nguocnhau dugc biéu
dién bang 2 mii tén ngugc nhau [tT]
Trén co so thuc nghiém Hund da dwa ra mot quy tic phan bDcéc electron vao
cac 0 luong t&* nhu sau:

Trong mét phan muc cac electron c6 xu huéng phan bé'déu vao cac 6 lvong t
sao cho sdelectron doc than la Ién nhat.

Vi du:

N (z=7) Is2 2s2 2p

HE w totot

Théng thuwong chi can viét cdu hinh electron déi voi cac phan méc & 16p ngoai
cung va phan mutc d hodc f & I¢p sat ngoai cung ma chuwa bdo hoa.

Can lvu y rdng cdu hinh noi trén la d6i voi cac nguyén tr & trang thai coban.
Khi bi kich thich electron c6 thé nhdy Ién nhitng phan muic cao hon trong cling
mot mic nang luong.

Vi du:
23 2p
Cc (z=16) IHI t ot trang thai co ban.
c* Q] t t t trang thai kich thich,
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Nhuv vay & trang thai co bdn ¢ co6 hai electron doc than con & trang thai kich
thich (dwgc ky hiéu la c*) c* cd bon electron doc than. Chinh cac electron doc
than nay la cac electron hoa tri.

7. HE THONG TUAN HOAN CAC NGUYEN T6 HOA HOC

7.1. Binh luat tuan hoan Mendeleev (Mendéléep - Nga) 1869

Tinh chét cla cac nguyén t6, thanh phan va tinh chat ctda cac hgp chat tao
nén tlr cac nguyén td do bién thién tuan hoan theo chiéu tang cda khdi lugng
nguyén to.

Ngay nav dinh luat tudn hoan dwogc phat biéu chinh xac hon bang cach thay
cum tir khoi lvgng nguyén tir bang cum tir dién tich hat nhan.

Trén co so dinh luat tuan hoan. Mendeleev sap xép mot cach cd hé théng céc
nguyén t6"thanh mot bang gobm nhi*rng hang va c6t goi la bdng tuan hoan (BTH)
cac nguyén t6 hoa hoc.

7.2. BTH cac nguyén t6 hoa hoc

7.2.1. Nguyén tac sép xép cac nguyén td'trong BTH

—Cac nguveén t6" dugc sap x€p theo th tw ting dan cla dién tich hat nhan. s3
dién tich hat nhan trang véi sé thv tv cla nguyén to.

—Cac nguyén td cé tinh chat hoa hoc gidng nhau duoc xép trong cung mot cot.

—M0bi hang (bang dai) dugc goi 1a mot chu ky. Moi chu ky dwoc bat dau bang
mot kim loai kiém, (trir chu ky 1, bat dau bang hydro) va dwoc két thic bang mot
khi hiém,
7.2.2. CAu trac cta BTH

—BTH gbém 7 chu ky:

Chuky 1 c6 2 nguyén td'

Chu ky 2va 3 mobichuky co8nguyén to'

Chu ky 4va 5, mbi chuky  co 18 nguyén t6

Chu ky 6 cé 32 nguyén to'

Chu ky 7 €0 24 nguyén to (chua hoan thanh)

—14 nguyén t6 ding sau lantan thudc chu ky 6 goi la cac lantanit.

—14 nguyén t6 ding sau actini thudéc chu ky 7 goi la cac actinit.

Cac lantanit va actinit xp ra ngoai bang thanh hai hang, mbi hang 14
nguyén to.

—Trir cac nguyén té dugc x€p ra ngoai bang, moi chu ky dai (trir chu ky 7) co
18 nguyén t6 xép thanh 18 cht.
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- Cac nguyén td thudc cac cot 1, 2 va cac cot tir 13 dén 18 tao thanh 8 nhom
danh sb tr 1A dén VIIIA duoc goi la cac nhom chinh hay cac nhém A.

- 10 ¢t con lai tao thanh 8 nhém phu (nhém B) danh sé theo thi tw 11IB... VIIIB
va sau do 1a 1B va I1B. Mai cot tao thanh mét nhom, riéng nhom VIIIB gdbm 3 cot.
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BANG 1.3. CAU HiINH ELECTRON CUA MOT s6 NGUYEN T6

Chu 2 Nguyén  Cau hinh electron Chu 2 Nguyén C&u hinh electron

ky t6 Ky t6
1 1 H 1s1 55 Cs [Xe] 6s1
2 He 1s2 56 Ba 6s2
3 Li [He] 2s1 57 La 5d16s2
4 Be 2s2 58 Ce 4i25d°6s2
2 5 B 2s22p’ 59 Pr 4f35d°6s2
6
10 Ne 2s22p6 63 Eu 4f75d°6s2
1 Na [Ne] 3s1 64 Gd 4f75d16s2
12 Mg 3s2
3 13 Al 3s23p’ 71 Lu 4f145d16s2
72 Hf 5d26s2
18 Ar 3s23p6
19 K [Ar] 4s’ 80 Hg 5d106s2
20 Ca 4s2 81 Tl 6s26p1l
21 Sc 3d14s2
4 86 Rn 6s26p6
30 Zn 3d14s2 87 Fr [Rn] 7s1
31 Ga 3d1Ms24p1l 88 Ra 7s2
89 Ac 6d17s2
36 Kr 3d,04s24p6 90 Th 6d27s2
37 Rb NS o) 7 a1 Pa 5f 6d17s2
38 Sr 5s2
39 Y 4d’5s2 93 Np 5f46d17s2
5 48 Cd 4d105s2 96 Cm 5f76d17s2
49 In 4d105s25p1 97 Bk 5{96d° 7s2
54 Xe 4d105s25p6 103 Lr 5f146d17s2
104  Ku 6d27s2

7.3. Cau hinh electron cta cac nguyén t6""trong BTH

Chu ky 1: Gom 2 nguyén td, c6 mot l6p electron, cac electron lan luogt dién
vao Is. Nguoi ta goi cac nguyén té”nay la nguyén tcis.

Chu ky 2: Gorr 8 nguyén t8, c6 hai l6p electron. LOp trong c6 cadu hinh
electron clia He. Hai nguyén t6 dau la cac nguyén t6 s (2s). Cac nguyén to6 tiép
theo, s6 electron duwoc dién vao hai phan lép 2s va 2p, trong dé phan I6p 2s da béo
hoa, con phan lép 2p cé s6 electron tang dan tr 2p* dén 2p6. Cac nguyén td”nay
goi la cac nguyén to p.

Chu ky 3: Gom 8 nguyén td", co6 ba 16p electron. Cac lép trong c6 cdu hinh
electron clia Ne. Hai nguyén t6' dau la cac nguyén t6's (3s). Sau nguyén to"tiép
theo la cac nguyén t6'p (3p’ - _3p0:
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Chu ky 4: Gom 18 nguyén tdi, c6 bon lop electron. Cac I6p trong c6 cdu hinh
electron clia Ar. Hai nguyén &Ddau la cac nguyén t0"s (4s). Muwdi nguyén td tiép
heo, cac electron duoc dién vao hai phan lép 3d va 4s, trong dé phan l6p 4s da
)ao hoa, con phan lép 3d c6 s6’electron tang dan tr 3d1dén 3d10 Cac nguyén tb
lay goi la cac nguyén td d hay céc nguyén t6" chuyén ti€p. Cudi cung la sau
Iguyén t6 p (4p’ —4p6).

Chu ky 5: Gom 18 nguyén t6, c6 nam Iép electron. Cac I6p trong cé cdu hinh
ilectron cta Kr. Hai nguyén t6 dau la cac nguyén t6 s (5s). Tiép theo la mudi
Tguyén t8"d (4c!1- 4d10. Sau nguyén " cudi cling la cac nguyén to"p (6p1—5p6).

Chu ky 6: GOm 32 nguyén td. Ngoai cac nguyén td’s, p, d nhu & chu ky 5 con
hém 14 nguyén t6 f. Cac nguyén td6 f nay c6 hai 16p electron ngoai cung gidng
ihau 6d16s2nhung phan I6p 4f cé sb electron lan lwot tr 47l dén 4f14

Chu ky 7: Chu ky chuwa két thac, tuy nhién theo quy luat nguoi ta du doan
I>hdi gdm 32 nguyén td. Vi cac nguyén t6 hién biét, cdu hinh electron c6 sv ldp
ai twong tv nhw cac nguyén td'chu ky 6.

Nhan xét:

— Chu ky 1, 2, 3 1a cac chu ky nhé chi gbm cac nguyén t6"s va p. Cac nguyén
:6 nay duoc x€p vao cac nhom chinh (nhom A) cla BTH. Tﬁpg s6 electron thudc
&p ngoai cung (s + p) bang chi s6"ctia nhédm. S8"16p electron bang chi s6"chu ky.

Nhém IA I 1A A IVA VA VIA i VIIA i VIIA
k]

Cau hinh e s1 | s2pl S2p2 s2pP3 s2r4 I S2P5 | S2P6

—Chu ky 4, 5 la cac chu ky lén ngoai cac nguyén td s va p véi cau hinh
ilectron twong tv nhw cac nguyén t6"thudc chu ky nhd, con c6 thém 10 nguyén t&'
i. Cac nguyén té nay duoc xép vao cac nhom phu (nhém B) ctia BTH.

Nhém B i 1B ins VB VB VIB  VIIB VI1B
Cdu hinh e dis1 s JT d2s2 dx2  dsl ds2  d6d7des2

— Chu ky 6, 7 la cac chu ky 16n, ngoai cac nguyén té s, p va d tvong tv nhu cac
Iguyén t6' thudc chu ky 4, 5 con co thém 14 nguyén t6’f dugc x€p thanh hai hang
ivgi BTH.

Biét sd thtr tv clla m6t nguyén t() ngudi ta co thé biét dugc cau hinh electron
;Ua nd. T do6 suy ra duoc vi tri cia nguyén t6"trong BTH.

Vi du:
Biét s6 th+ tw cla nguyén t6 lan lwot la z =9, 11, 18, 25, 34. Ta c6 cau hinh
Tlectron nhw sau:

z=9 Is2- 2s2- 2p5 Chu ky 2, nhom VIIA
Z=1 1ls2- 2s2- 2p6- 3s\ 3 1A
z—1 81s2- 2s2- 2p6- 3s2- 3pb6 w3 VIIA
z=2 51s2- 2s2- 2p6- 3s2- 3p6- 3d5 4s2 A VIIB
z~3 41s2- 2s2- 2pG--352—3p6-3d-——452--4p4 Y VIA



7.4. Bién thién tuan hoan mot s tinh chét clia cac nguyén to'"

Su lap lai tuan hoan cdu hinh electron ctia nguyén ti theo chiéu tdng cua
dién tich hat nhan chinh la nguyén nhan cla sy ldp lai tuan hoan cac tinh chat
clia nguyén to’

7.4.1.Bién thién tinh chat trong mdt chu ky

Khi di tr dau dén cubi chu ky, dién tich hat nhan tang dong thoi ban kinh lai
gidm di. K&t qua la lam tang lwc hat gitra hat nhan va electron 16p ngoai cung, co
nghTa la lam gidm tinh kh& va tang tinh oxy hoa.

Céac khi hiém c6 cdu hinh bao hoa (ns2np6 nén rat bén vitng, khéng cho va
cling khong thu thém electron nén hau nhu khéng tham gia vao phan (ng hoa
hoc. Nhu vay moi chu ky (trir chu ky 1) duoc bat dau bang mot kim loai kiém va
két thac bang mot khi hiém.

Toc dd bién thién tinh chat cla cac nguyén t6 & cac chu ky nhé rdt nhanh.
Trong khi d6 & cac chu ky I6n cham hon nhiéu, chu ky cang Ién téc d6 bién thién
cang cham. Vi du & chu ky 2 chi ba nguyén t6 dau (Li, Be, B) da chuyén tir mot
kim loai manh (Li) sang m6t phi kim. Nhung & chu ky 4, tvr K dau chu ky dén Ga
(qua 11 nguyén t6i) van la mot kim loai.

BANG 1.4. BAN KINH NGUYEN TU CUA MOT SO NGUYEN Té6 (A)

IA HA A IVA VA VIA VIIA VIIA
H He
0,37 1,22
Li Be B c N 0 F Ne
1,52 1.13 0,88 0.77 0,70 0,66 0,64 1,60
Na Mg Al Si p s Cl Ar
1.86 1,60 1,43 1.17 1,70 1,04 0,99 1,91
K Ca Ga Ge As Se Br Kr
2,31 1,97 1,22 1,22 121 1,17 1,14 2,01
Rb Sr In Sn Sb Te I Xe
2,44 2,15 1,62 1,40 1,41 1,37 1,33 2,20
Cs Ba TI Pb Bi Po At Rn
2,62 1,17 1,71 1,75 1,46 1,40 1,40
Fr Ra
2,70 2,20

7.4.2.Bién thién tinh chat trong mo6tpha&n nhom chinh
Trong mot phan nhém chinh, theo chiéu tir trén xudng duwdi, tinh khi tang
dan va tinh oxy hoa gidm dan.-®o6.la vi, di t tréen xudng, ban kinh nguyén to
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tang dan (tang so l6p electron), dién tich hat nhan ciling tang, nhwng ban kinh
tdng nhiéu, anh hudng I6n dén lwc hat gilra hat nhan va electron ngoai cung.

7.4.3. Bién thién tinh chat trong métphan nhém phu

Tinh chat hoa hoc clia cac nguyén t6 gilta cac phan nhom chinh rat khac nhau. T
kim loai dién hinh dén phi kim, khi hiém. Con cac nguyén td thudc phan nhém phu du
cho c6 tinh chat khac nhau cling déu la kim loai. Diéu do6 cho thdy su bién thién tinh
chat 6 cac nguyén td thuéc phan nhém nay (nguyén t6 d va f) la rat cham chap.

Céac nguyén té d thuéc cung mot phan nhom phu cé phan 16p d sat I¢p ngoai
cung va lép ngoai cung giébng nhau. Chang chi khac nhau vé ban kinh nguyén tu
va dién tich hat nhan. Theo chiéu tir trén xubng, dién tich hat nhan tang nhiéu
nhung ban kinh nguyén t ting khéng dang k&, dan dén tidng lyc hat cia hat
nhan déi véi electron & I6p ngoai cung. Do do6 tinh kim loai gidm.

Vi du:
Phan nhom 1B Phén nhém I1IB
Cu Zn
Ag Cd
Au Hg

Trong nhém IB Cu la kim loai tvong d6i hoat ddong nhwng Au la kim loai tro.

Trong nhém 1IB ciing tvong tu: Zn c6 tinh kh& manh, Hg c6 tinh khi yéu,
ding sau H trong ddy hoat déng cta kim loai.

BANG 1.5. CAU HINH ELECTRON LOP NGOAI CUNG CUA CAC NGUYEN T6 NHOM A

1A A MA IVA VA VIA VIIA VIIA
H He
1s1 1s2
Li Be B c N (o] F Ne
2s1 2s2 2s2pl 2s2p2  2s2p3 2s2p4  2s2p5 2s22p6
Na Mg Al Si p S Cl Ar
3s1 3s2 3s23p1l 3s28p2 3s23p3 3s2Bp4d  3s23p5 3s23p6
K Ca Ga Ge As Se Br Kr
4s1 4s2 4s24p' 4s24p2  4s2Ap3  4s2pd  4s24p5 4s24p6
Rb Sr In Sn Sb Te 1 Xe
5s1 5s2 5s2pl 5s%Hp2 5sBp3  55BHp4  55Bp5  555p6
Cs Ba T Pb Bi Po At Rn
6sl 6s2 6sBpl 6sBp2 6sBp3 6SBp4 65BpP5  6SHBP6
Fr Ra
7s1 7s2
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Cu
3d¥s1
Ag
4d1ks1

5d16s1

BANG 1.6. CAU HINH ELECTRON LOP NGOAI VA SAT NGOAI
CUA CAC NGUYEN T& NHOM B

1B B VB VB VIB VIIB VIIB
Zn Sc Ti vV Cr Mn Fe Co Ni
3dI¥s2 3dMs2 3d2As2  3dAs2 3dHsl  3dHAs2  3deAs2  3d74s2 3dAs2
Cd Y Zr Nb Mo Tc Ru Rh Pd
4dIbs2 4d15s2 4dB5s2  4d4sl 4ds’ 4d6bsl 4d7Bsl 4d&Bsl 4dAbse
Hg La Hf Ta w Re Os Ir Pt
5d1Bs2 5d’'6s2 5d%6s2 5dFBs2 5d46s2 5dFHs2 5de6s2  5dBs2 5dBsl
Ac
6d17s2

Chay: c6 mot s6 bat thudng 6 cac nguyén t6: Nb, Tc, w, Pd va Ru, Rh.

CAU HOI Ty LUONG GIA

1.1.

1.2.

1.3.

14.

1.5.

1.6.

1.7.

1.8.

1.9.

Phat biéu hai dinh dé cha Bohr. Hay néu nhirng vu diém va han ché cua
thuyét Bohr vé cdu tao nguyén tt.

NoOi dung va biéu thirc cla nguyén ly bat dinh Heisenberg, ap dung biéu thiic
Heisenberg hdy tinh Ax hodc Av trong céc trueng hop sau va cho nhan xét:

Qua bdng ban bay, biét m = 10g, Ax = 0,01mm.

Electron trong nguyén t&r, bi€t Av = 106 m/s.

NOi dung cla thuyét séng vat chat va hé thirc De broglie. Tinh bu6c séng X
cla song lién két voi:

Chuyén dong clia mét 6 t6. khoi lwgng m = Itan, toc do V= 100 km/h.

Chuyén dong cla electron trong nguyén t& véi toc do V= 106 m/s

Cho nhan xét.

Tai sao nguti ta noéi phwong trinh Schrodinger la phuvong trinh co ban cla co
hoc lvgng t? Hay cho biét khai niém vé ham séng W va y nghta vat ly cta \il2
Viét phwvong trinh Schrodinger ddi véi nguyén t&r hydro. Giai thich cac ky tw
trong phuong trinh. Orbital nguyén t la gi?

Viét biéu thirc todn hoc clla ham séng md ta trang thai co ban cla electron
trong nguyén tr hydro.

Tl ham d6 suy ra sy phan b6 mat do xac sudt co mat cla electron nhu thé
nao? Thé nao la may electron?

Hay viét nhitng biéu thirc tinh nang lvong, momen déng lwgng, hinh chiéu
cta momen dbéng lugng (trén modt phuong xac dinh) clha electron trong
nguyén ttr hydro va cho biét y nghfa cta céac s8'luong tt.

Tinh ndng lwvgng ma nguyén t& hydro hdp thu khi electron chuyén tlr trang
thai con = 11én trang thai con = 2.

Cho cac ham s6°co ky hiéu nhu sau: \hlm Rnl; Y| m M6i ham nay phu thudc
vao nhirng bién s3'nao?-Y-nghia cla,maiham so nay.
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1.10.

1.11.

1.12.

1.13.

1.14.

1.15.
1.16.
1.17.

1.18.

1.19.
1.20.

1.21.

1.22.
1.23.

1.24.

Céac obital toan phan cla nguyén t& (v/inm) dugc dic trung bang 4 sé luong
tr. Hay cho biét cac gia tri c6 thé co cua cac s6 lwgng thr d6. Tl d6 tinh sb
phan lop trong mét lop, s8'AO, sb electron trong mét phan 16p, trong mot 16p.
Hay cho biét hinh dang cla cac dam may electron 2s; 2px 3dxg 3dX2 2 va
chi rd dac diém cla cac dam may doé. Sv khac nhau gitra cdc dam may Is va
2s; 2pxva 2py, 2pz

Cho cac orbital nguyén ti: Is; 2s; 2px 2py; 2pz Hay viét cac ky hiéu AO
tvong (ng véi cac so luong t&r yinlm

Xet cac AO sau day trong nguyén tl hydro: \uioo \Weii; ~320 (cac orbital
dugc dac trung bang 3 9 lwong tir n, 1, m goi la cac orbital khdng gian). Hay
vé hinh dang cac AO do.

Quy tac Kleskovxky va gian do cac phan mdc nang lwgng doi véi nguyén ti
nhiéu electron. Gian dd nay cd y nghia nhw thé nao?

Hay cho biét ndi dung cla nguyén ly viing bén va y nghta clia nguyén ly nay.

Phat biéu nguyén ly Pauli va néu y nghia cla nguyén ly nay.

Giai thich tai sao mdi bd 4 8" lwvong tlr dudi day khong thé la bd 4 5" lvong
tlr cua mot electron trong mét nguyén tir nao doé:

ayn= 31=+3, M=+1 ms=+—

byn= 31=—4m =+2, ms:+é§\

con= 21=+1,m =42, ms = —

d)n= 41=43,m =-4, ms = 2—

Hay lap bang céac gia tri 4 sb lwgng tlr cho tlrng electron & trang thai binh
thudng cla nguyén tr mto.

Phat biéu quy tdc Hund va néu y nghia cla quy tac nay.

Viét cau hinh electron cla cac nguyén td'co sb thir tv z = 28; 36; 37; 42; 47; 53;
56; 80. Hay cho biét vi tri cla nguyén t6' trong BTH va tinh chat hoa hoc dac
trung.

Giai thich vi sao
0 (z=8)cohoatri 2cons (z= 16) lai co cac hoa tri 2, 4, 6.
N (z=7)cohoatri 3con p (z=15) lai co cac hoa tri 3, 5
F (z—9) cohod tri 1con CL(z=17) lai cocac hoa tri 1, 3, 5, 7.
Viét cau hinh electron cla cac ion: Cu+ Cu2t Fc2 Fe3=Mn2 Mn7+
Viét cau hinh electron clia Ar. Nhitng cation, anion nao cé cau hinh electron
giéng Ar?
Trén co s& cau trdc nguyén tlr co thé phan cac nguyén td hoa hoc thanh may
loai (kh6i)? Hay néu dic diém cdu tao electron clia moi loai (kh6i).



1.25. Phat bié’,u dinh luat tuan hoan cac nguyén t6 hoa hoc. Trinh bay nhirng
nguyén tac sap xép cac nguyén &Dtrong BTH.

1.26. Néu dac diém cau hinh electron clia cac nguyén t6' nhdm IA va tinh chat
hoa hoc dac trwng cda chang.

1.27. Néu dac diém cdu hinh electron cla cac nguyén t8'nhém VIIA va tinh chat
hoa hoc dac trung cua chidng.

1.28. So sanh cau hinh electron ctia cac nguyén td6 nhém 1Ava IB; 11Ava 11B; IBva IIB.

1.29. Hav giai thich sy bién thién tuan hoan tinh chat clda cac nguyén t6"theo
chiéu tang dién tich hat nhan (lay chu ky 2 va chu ky 3 lam vi du).

1.30. Hay so sanh sy bién thién tinh chdat cta cac nguyén t6 trong chu ky nhé va
chu ky 1én (lay chu ky 3 va chu ky 4 lam vi du).

1.31. Hay so sanh va giai thich su bién thién tinh chat cla cac nguyén t0"trong
mot nhém A va nhém B (lay nhém 1A va II1B lam vi du).

1.32. Radi (Ra) z = 88 la nguyén t6"kim loai kiém thd. Hay cho biétnguyén to
kim loai kiém thd ti€p theo sé c6 s6 thiv tw bao nhiéu?

1.33. Su nghién cttu hién nay huwéng vé diéu ché cac nguyén td co sdthirtywll2
va 118. Hay cho biét chang thudc loai nguyén t6'gi (s, p, d,...)?

- HOAPAICUONG

33



Bai 2

LIEN KET HOA HQC VA CAU TAO PHAN TU

MUC TIEU

1 Binh nghfa va néu dwoc moT quan hé gilra cac dai lwgng dac trung cuia lién két.

2. Néu duoc ban chat va cho vi du cac thuyét codién veé lién két.

3. Trinh bay dwgc nhitng luan diém co ban cla thuyét lién két hoa tri (VB).

4. Néu duoc nhitng dac diém cta cac kiéu lai hoa va biéu dién dwoc cdu trac khong
gian cla mot s6 phan tl dién hinh.

5. Trinh bay dugc nhitng luan diém co ban cda thuyét orbital phan tir (MO) ua viét
duoc cau hinh electron clia mot s6 phan tir va ion.

MO PAU

m Trir mot s6 khi hiém, cac nguyén tlr khong ton tai doc lap ma ching thuwong
lién két voi nhau tao nén cac phan tir. Vay cac phan t dwgc hinh thanh nhw thé
nao? Ban chat cua cac lién két la gi?

m Nam 1913 thuyét cdu tao nguyén tlr cGa Bohr ra doi thi chi ba nam sau
(1916) da xudt hién nhitng ly thuyét dau tién vé lién két.

m Nam 1926 céac thuyét co hoc lugng t& méi vé lién két ra doi.

1. MOT SO BAI LUONG CO LIEN QUAN PEN LIEN KET

1.1. D6 am dién cua nguyén t6 X

D06 am dién la dai lvgng cho biét khd nang nguyén tir cila mdét nguyén td hat
electron lién két vé&' phia nd. Xcang 16n thi nguyén tir cang dé thu electron

IA Nang lvgng ion hod (con goi la thé ion hod) do la nang lvong can dé tach
mot electron ra khdi nguyén tir A. | cang Ién thi nguyén t&r cang khd nhuwong
electron.

Ea: Ai lyc electron, dé la nang lugng tod ra khi nguyén t& A nhan dwgc mot
electron. E cang I6n thi nguyén-ti-cang-dé-thu-electron,
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Nguoi ta con phan biét: thé ion hoa thr nhéat, th¢ hai hay ai luc electron thi
nhat, thi hai twong &¢ng v6i viéc tach (hay nhan) electron th* nhat, th¢ hai. | va
E thudng dwoc tinh bang don vi eV.

Trong phan &ng: A + B -» AB

Néu Xb> X\ thi electron lién két sé Iéch hodc di chuyén vé phia nguyén tr B.

Bé hinh thanh lién két gitta A va B c¢d hai kha nang:

e
l i
A B —» A+B- két toan nang luong sé la
la Eb Eb—a
I i
A B —» A-B+ kéttoan nang luong sé la
Ea Ib Ea—IB

Kha nang xay ra la kh&d nang nao tod ra nang lwgng Ién hon
Kh& nang thr nhat xay ra néu Ey- IA>Ei—IB
Tl d6 EB+IB>Eatl1b
Tlc 1a Xb >Xa
Nguoi ta quy wéc ldy dd6 am dién cla Li la 1 thi cac nguyén td khac sé c6 do
am dién twong doi nhuv sau theo thang dé6 am dién cua Pauling.

BANG 2.1. D6 AM BDIEN CUA NGUYEN TU MOT s&6 NGUYEN T8

1A IHA A IVA VA VIA VIIA
H
21
Li Be B c N o F
1,0 1,5 2,0 2,5 3,0 3,5 4,0
Na Mg Al Si p S Cl
0,9 1,2 1,5 1,8 21 2,5 3,0
K Ca Ga Ge As Se Br
0,8 1,0 1.6 1,8 2,0 2,4 2,8
Rb Sr In Sn Sb Te I
0,8 1,0 1.7 18 1,9 21 2,5
Cs Ba TI Pb Bi Po At
0,7 0,9 1.8 19 19 2,0 2,2
Fr Ra
0,7 0,9
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Nhan xét:

Trong mot chu ky, tir trai sang phai dd6 am dién cua cac nguyén tdé tdng dan.
Trong mot nhém A, tir trén xudng du¢i d6 am dién gidm dan.

Céac nguyén td kim loai kiém c6 X< 1 Fr cé X nhd nhat.

Céac nguyén td phi kim c6 X> 2, F cd XI&én nhét.

1.2. Nang lvong lién két

Nang lwgng clia mot lién két la nang lwgng can thiét dé pha vomoi lién két do
va tao ra cac nguyén tlr & thé khi. Nang lvong lién két thuong ky hiéuEva tinh
bang kcalo cho mét mol lién két.

Vi du: nang lugng cla lién két H - H trong phan t¢ H2 EHH= 104 kcal/mol.

Nang lvgng lién két cang I6n thi lién két cang bén.

Doi vbi cac phan tir co so lién két gidng nhau nhiéu hon 2 nguoi ta dung dai
lvgng nang lwgng trung binh cda lién két.
Vi du:

Trong phan t&¢r H2D c6 2 lién két 0 - H

EO0 hth nhét bang 118 kcal/mol

Eq hth hai bang 102 kcal/mol. Vi vay EO Htrung binh bang 110 kcal/mol.

Tuong tv nhv vay, gia tri ECHtrong CH4la trung binh cdng nang lvong cua 4
lién két C—H.

1.3. D6 dai lién két

Do dai lién két la khoang cach gilta hai nhan nguyén t&r khi dd hinh thanh
lien két. DO dai lién két thuong ky hiéu rOva duoc tinh bang A (1A = 10“&m).

Do dai lién két cang nho thi lién két cang bén virng.

BANG 2.2. DO DAI LIEN KET VA NANG LUONG LIEN KET CUA MOT s& LIEN KET

Lién két Phan t&r ro(A) E (kcal/mol)
C-ClI CHCI3 1,77 75,8
C-F ch3f 1,38 116,3
c-c CrH+ 1,54 79,3
O =0 CrHA 1,34 140,5
c=c CrHIN-2 1,20 196,7
H- H h2 0,74 104,0
0=0 02 1,21 118,2
0-H h20 0,96 109,4
S-H hZs 1,35 96,8
N-H nh3 1,0k 92,0
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Nhéan xét:

— & cac lién két cung loai (vidu Cl- ¢ va F- C; 0 —H va s —H) khi E cang
I6n thi rOcang nhd.
1.4. DQ bQi cta lién két

SO lién két dwgc hinh thanh gira hai nguyén t& cho trvéc duoc goi la dd boi
cla lién két. Vi du do bdi cta lién két gilta cAc nguyén tlr C trong ethan, ethylen,
acetylen lan luot la 1, 2, 3. DO bdi cla lién két cang I6n thi lién két cang bén,
nang lugng lién két cang 16n va do dai lién két cang nhd (bang 2.2).
1.5. Goc lién két (goc hoa tri)

G6c tao béi hai moi lién két gilra modt nguyén t& voi hai nguyén tlr khac.

180° H 120° H H
\
0 =c=o0 / /(T i120°
H H H

Trong cac goc lién két thi goc 109°28° (goc t dién) nhu & phan t&r CH4la géc
bén vitng nhat. Vi vay trong quéa trinh hinh thanh phan t&, cac nguyén tl co xu
hudng tao duoc cac goc lien két gan véi goc 109° 28°.

Nhitng hop chat cé goc lién két 60° hay 90° nhu cyclopropan, cyclobutan
thudng khong bén, dé bi vé vong, con cyclohexan thwong tén tai & hai dang: dang
thuyén va dang ghé la dang c6 cac goc lién két gan voi géc 109°28” hon.

1.6. D6 phéan cuc cta lién két. Momen lwdng cuc

Trong nhitng lién két gilra hai nguyén t& khac nhau, do c6 su chénh léch vé
ddo am dién, electron lién két bi lIéch vé phia nguyén t&r c6 do dién am 16n hon, tao
ra & day mot dién tich &m nao doé véi mot ty 1€ % dién tich nguyén té' (thuwong ky
hiéu 6) con & nguyén tr kia mang mot dién tich dwong. Khi d6 nguoi ta ndi lién
két bi phan cuc.

0+ 0—6— 6+ 5—

Hla

M
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Dod phan cuwc cua lién két dwgc danh gid qua momen ludng cuc [ (muy).
Momen luvdng cwc 1a mot dai lvgng vecto va co gia tri:
iih=q. 1
VoI q = 6e (e la dién tich nguyén td'va 6 la ty 18 %, 5< 1)
q: dién tich ctia moi cuc (culong)
1 do dai lién két (mét).
jT dai lvgng uecto, hvdng tr nguyén t ¢c6 Xnhé sang nguyén tlr c6 XI1én
u duoc tinh bang culong.mét (C.m thudc hé don vi SI). Nguoi ta con hay st
dung mét don vi khac goi la bo bai (D). 1D = 3,3.10“3Cm.
Trong thwc té momen ludng cuc va do dai lién két dugc xac dinh bang thuc
nghiém. T d6 c6 thé tinh dwgc gia tri dién tich q cla cwc va phan tram dién tich 6.

Vi du:

Lién két H—€1 c6 gia tri [a= 1,07 D hay 3,56.1CTCm va do dai lién két 1= 1,28 A
hay 1,28.10"10m. Tir d6 tinh duoc q va 6:

3,56.10'3)
g=S i aday
8=  3.56";

1,28.10'°.1,6.10
Pai lvong 5 con duoc goi la dd ion (% lién két ion) cua lién két cong H—I.
Trong moét phan t&r d6 phan cuc clla mot lién két con phu thudc vao sy phan
cuc cla cac lién két khac.
Vi du:

0]

H-0-N=0 H-0-N~
0

Lién két H- o trong HNO3bi phan cwc manh hon so véi HN02d6 la do anh
hudng cla lién két N- 0 th ba trong phan ti nay.
BANG 2.3. GIA TRI MOMEN LUONG cuwc CUA MOT s& LIEN KET

Lién két H- F H-CI H- Br H- | N=0 o=o0
MD) 1,91 1,07 0,70 0,38 0,16 0,11

2. NHUNG THUYET KINH DPIEN VE LIEN KET

Nam 1913 thuyét cdu tao nguyén tl clla Bohr ra doi thi ba nam sau (1916) da
xudt hién nhitng thuyét dau tién vé lién két hoa hoc. D6 la thuyét lién két cong
hod tri va lién két ion.
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Nhirng thuyét kinh dién nay déu duva trén quy tac bat tlr (octet). Xuét phat tw
nhan xét sau day:

—Tat ca cac khi hiém (trir Heli) déu c6 8 electron & 16p ngoai cung.

—Chung rat it hoat dong hoa hoc: khdong lién két voi nhau va hau nhw khong
lién két voi nhitng nguyén ti khac dé tao thanh phan t&, ton tai trong ty nhién
du¢i dang nguyén t& tv do.

Vi vay, cau triuc 8 electron Iép ngoai cung la mét cdu trdc dac biét bén virng.
Do dé khi hinh thanh phéan tl, cdc nguyén t&r c6 xu hwéng lién két véi nhau dé
dat dwgc cdu trac electron bén vitng cta cac khi hiém véi 8 (hoac 2 ddi voi heli)
electron & Iép ngoai cung.

2.1. Lién két ion. Kossen (Cdtxen - Blrc) 1916

Lién két ion dugc hinh thanh erilta nhirng nguyén t&r ctda hai nguyén t6"co su
chénh léch nhiéu vé d6 am dién (thuong Ax a 2).

Nguyén t& cla nguyén td ¢6 y nhé nhuong han 1, 2 hay 3 electron cho nguyén
tl cla nguyén td c6 X I6n khi d6 tao thanh cac ion duong va nguyén tir nhan
electron tao thanh cac ion am c6 cau truc electron giong khi hiém. Cac ion duong
va ion am hat nhau tao thanh phan to.

Vi du:
Na Cl -> Na+ Cl~ ->  NacCl

2522p63s1 3s23p5 2522p6 352 3p6

Nhu vay ban chat cla lién két ion la lwc hat tinh dién gilta cac ion trai dau.

Trong lién két ion, hoda tri cha nguyén t8"bang 8" dién tich cta ion voi ddu
twvong rng. Trong vi du trén Na co hod tri +1, Clcé hoa tri —.

Lién két ion la lién két bén. nang lvong lién két kha 16n (« 100Kcal/mol)

Luc huat tinh dién gitra cac ion khéng dinh huéng, mot ion dwong c6 tac dung
hat nhiéu ion am va nguoc lai vi vay nguoi ta noi lién két ion khéng c6 dinh
huvéng va khong bao hoa. Nhitng hop chat ion thwong & dang tinh thé bén virng.

2.2. Lién két cong hoa tri Lewis (Liuyt- MT) 1916

Thuvét lién két ion khdng giai thich dwgc sy hinh thanh phan t& vi du H2 02
(A/ =0) hay HC1, H2 (Ay nhd).

Lién két cong hoa tri dwoc hinh thanh gila cdc nguyén t&r ctia cung mot
nguyén td (A/ = 0) hay gilra nguyén tlr clia cac nguyén td c6 su chénh léch nhd vé
do dién am (thuong A/ <2).

Trong lién két cong hoa tri, cac nguyén tir bd ra 1, 2, 3 hay 4 electron dung
chung dé moi nguyén t&r dat dwoc cau tric 8 electron (hodc 2e trong trwong hop
hydro).
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Vi du:

Ho .H » H: H H-H h2
0. :0O: — 0:: O O =0 02
n: IN: — N IN: NsN n2
6: :C :0: > 01 C: 6 O =0=0 co

Céac electron gép chung duwoc goi la cac electron lién két, mot cap electron gop
chung tao ra mot lién két va cling dwoc biéu dién bang mot gach.

Trong hop chét cong hoa tri, hoa tri cia nguyén t6" bang sé lién két hinh
thanh gita mot nguyén tl clia nguyén t6 do voi cac nguyén tir khac hodc bang sob
electron ma nguyén tir dua rg gop chung.

Vi du:

Trong phan t¢ CO2hoa tri clla O la 2 cla C la 4, trong phan t&¢ NH3hoa tri
ciaNla3cuaHIlal

Nguoi ta phan biét hai loai lién két cong hoa tri:

—1L ién két cong hoa tri khong phan cuc hay lién két cong hoa tri thuan tuy. Vi
du lién két trong cac phan tr H2 02 N2.. (Ax = 0), lién két C —H trong cac hop
chét hau co. Trong do6 cap ?lectron lién két phan bd' déu gilra hai nguyén to.

- Lién két cong hoa tri phan cuc. Vi du lién két trong phan t& HC1, HF lién
két O- H trong phan tr H2, N- H trong NHg... Trong d6 cap electron lién két bi
léch vé phia nguyén tlr c6 d6 am dién I&n hon.

H :Cl H: F H:0: H H: N: H
H

Nhu vay mic do phan cuc cta lién két phu thudc vao Ax ma Ax co thé bién
thién tlr 0 dén 3,2. Do d6 co thé coi lién két cong hoa tri thuan tuy va lién két ion
la hai truong hop gi¢i han cla lién két cong hoa tri phan cwc. Dwa vao Ay co thé
danh gia gan ding mu': d6 ion cla mot lién két gilra hai nguyén t6.

Cl- Cl H- Cl Na+Cl-
cdng thuan tuy cong phan cuc ion

BANG 2.4. PHAN TRAM DPAC TiNH CUA CAC LIEN KET

AX 0 05 1.0 1,5 1,7 1,8 2,0 2,5 3,0 3,2
Pac tinh lién 0 6 22 43 50 55 63 79 89 92
két ion %

Pac tinh lién 100 94 78 47 50 45 37 21 11 8

két cong ht %

40



Qua bang trén ta nhan thav khi Ax—0 lién két mang 100% dac tinh cong (lién két
cong thuan tuy), trong khi d6 khong cé lién két hoa hoc nao mang 100% dac tinh ion.
Lién két cong tvong doi bén. Nang lugng lién két ¢cd hang chuc Kcal/mol.

2.3. Lién két cho nhan

Lién két cho nhan con goi la lién két phoi cd thé xem la mot dang ddc biét cla
liéEn két cong. Trong lién két nay cap electron dung chung chi do mo6t nguyén t&
dwa ra goi la chat cho, con nguyén tr kia c6 mot orbital tréng goi la chat nhan.

Vi du:

H H H
H:N:+H+-» H:N:H hayH-N-»H
H H
H

Nhuv vay diéu kién dé hinh thanh lién két cho nhan la chat cho phai cé it nhat
mot ddi electron chwa lién két va chat nhan phai co6 orbital trong.

Nguoi ta thwong dung dau mdii tén dé chi lién két cho nhan. Tuy nhién trong
thuc té cac lién két nay hoan toan giéng lién két cong hoa tri thdng thudng.

2.4. Lién két hydro

Lién két hydro dugc hinh thanh & nhitng hgp chét trong d6 hydro lién két véi
nguyén tlr cta nguyén t6" khac cd dd am dién I6n va ban kinh nhé nhu N, o, F.
Céac lién két nay bi phan cuwc va trén nguyén tir H c6 moét phan dién tich duong.
Trong khi dé cac nguyén t&¢ N, o, F mang mét phan dién am va do dé ngoai lién
két cdng hod tri n6 con co thé twong tac voi cac nguyén ti H cla phan t bén canh
hinh thanh mot lién két yéu goi la lién két hydro. Cac lién két nay thwong duoc
bi€u dién bang nhirng ddu cham.

Vi du:
Lién két hydro gilta cac phan tu.
.. H6~ F6... HO~ F . H- 0s-... H5- O...
H H
Vi du:

Lién két hydro ndi phan t&: lién két hinh thanh trong cung mot phan t.

i
OH 0
acid salicylic o-mitro-phenol
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Lién két hydro la lién két yéu, nang lvgng lién két nho va do dai lién két lon.
'uy nhién n6 c6 &nh huéng nhiéu dén tinh chét vat ly va hoa hoc cta phan tu.

n du:

- HoO c6 nhiét dd s6i cao hon nhiéu so véi phan t tvong ty véi né6 HZS.

- Céac phan ti hitru co mang nhdm o - H cé nhiét dd sbi cao hon cac dong
han cla chang khdéng chira lién két nay: alcol so véi ether; acid so véi ester...

- Alcol tan v6 han trong nuéc la do tao duoc lién két hydro voi nuéc.

- Lien két hydro tao ra gilta cac nhom - ¢ = 0o va - NH cla amin acid trong
ac chudi polypeptid da duy tri dwoc cdu tric khéng gian ctia phan tir protein.

- Lién két hydro gilta cac cap base bo sung (A::: T va G::: X) trong cac phan
t¢ ADN lam cho ADN ddéng vai tro méa di truyén.

Tom lai khi duwa trén thuyét cdu tao nguyén tir cha Bohr va quy tic bat td,
ac thuyét kinh dién vé lién két da cho phép mod td va phan loai mot cach don
[ian lién két hod hoc, tir d6 gidi thich dwgc mot sci tinh chat cta phan tk. Tuy
thién cac thuyét nay c6 moét sé han ché sau day:

- Nhiéu hop chat hay ion khong dat dwgc cdu tric 8 electron & lép ngoai
ihing van tén tai mot cach bén virng, vi du: NO, N02 BH3 Fe2+..

- Chda néi dugc ban chat cla lwc lién két gilra cac nguyén ti trong phan ti la gi.

- Khéng cho biét cdu truc khdng gian cla cac phan tu.

- Khéng gidi thich dwgc mét 6"trwong hop, vi du nhw tai sao dd dai cac lién
tét clia phan tl benzen lai bang nhau trong khi né dwoc biéu dién bang cac lién
L6t doi va don xen ké nhau.

Phan t& la nhirng hé hat vi md, vi vay ly thuyét vé lién két va cau tao phan ti
)hdi dugc xay dwng trén co sé cua co hoc lugng tir (CHLT).

Ndam 1927 ra doi hai thuyét CHLT vé lién két bd sung cho nhau nhwng st
iung nhirng phuong phap tinh gan dang khac nhau.

. THUYET LIEN KET HOA TRI

(viét tat 1a VB —valence bond) hay con goi la thuyét cip electron lién két do
Seiler, London (Haile, London —Dbuc) dé xwéng nam 1927, ti€p theo la Pauling,
sleiter (Polinh, Slavto —MT) phat trién.

i.l. Sy hinh thanh lién két trong phan t&r H2

Thuyét VB dugc dé ra dua trén co s nghién cu sv hinh thanh lién két trong
Dhén tir H2

Luan diém chd yéu cla thuyét nay la khi tao lién kéVhoa hoc cac nguyén ti
/an gi* nguyén cau trac ma chi twvong tac véi nhau theo tirng cap electron.

MOi nguyén tr H c6 mot electron & trang thai co ban Is. Khi hai nguyén t& H
.ién lai gan nhau sé cé haikhdningxayra:
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—NEéu hai electron c6 s6 lwgng t&r spin cung dau, khi khodng cach r gidm nang
lwgng cla hé tang lién tuc, dé la trang thai khong bén, khdng tao ra lién két hoa hoc.

—Neéu hai electron c6 s6 lwgng t spin nguoc dau nhau, nang lugng cla hé gidm
dan, va tai khoang cach r0= 0,74A c6 gia tri cuc tiéu twong (ng véi ndng luong Es < EO
khi d6 hé dtrang thai bén vitng, trang thai hinh thanh lién két (hinh 2.1a).

(b)
Hinh 2.1a, b. Trang thai nang luvong clia hé 2 nguyén tr H (a) va sw hinh thanh phan t&r H2
Néu lvu y rang moi orbital s (dd&m may s) c6 ban kinh 0,53A thi khi tiép xuc
nhau khodng cach gita hai hat nhan phai l1a 1,06A. Trong khi d6 khoang céch

khi hinh thanh lién két chi con 0,74 A . Biéu dé chi*rng t6 khi hinh thanh lién két,
hai orbital s dd xen phd vao nhau, lam tang xac sudt c6 mat electron & vlung gilra
hai hat nhan, mat do dién tich am tang Ién gay ra su hat hai hat nhan va lién két
chuing véi nhau. (Hinh 2.1b)

Nhuv vay lwc lién két hoa hoc cling c¢6 ban chat tinh dién.

3.2. Nhitrng luan diém co ban cta thuyét VB

Tl nghién ctu cta Heiler va London vé phan t¢ H2 Pauling va Sleiter da
phat trién thanh thuyét lién két hoa tri.

- Lién két cong hod tri dugc hinh thanh do suv ghép dbi hai electron doc than
c6 spin nguwoc dau cua hai nguyén ti lién két, khi d6 co su xen phd hai AO.

—Mtrc d6 xen pha cta cac AO cang I6n thi lién két cang bén, lién két duogc thuc
hién theo phuong tai dé sy xen pha la 16n nhat.

Trong thuyét VB hoéa tri clia nguyén t6" bang s6 e doc than cla nguyén ti &
trang thai co ban hay trang thai kich thich.

Vi du:
c 0 It t hoa tri 2
c* H It t t hoa tri 4
N It t t hoa tri 3
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Hoa tri cuc dai cia mot nguyén t6" bang tdng s6 AO hoa tri (AO I6p ngoai
cung). Vi du cac nguyén té thudc chu ky 2 c6 4 AO lép ngoai cung 2s va 2p3nén cé
thé c6 tdi da hoa tri 4 [fj |t~t t

3.3. Sw dinh hudng lién két. Lién két o (xich ma) va lién két & (pi)
Tuy theo cach thic xen phu cua cac AO, ngu®i ta phan biét: lién két o, lién
két 71, lién két 8 (denta).

— Lién két hoa hoc tao ra do su xen phd cac AO trén truc ndi hai nhan cla
nguyén tlr duoc goi la lién két xich ma. Lién két o c6 thé hinh thanh do sy xen phl
cac ddm may s —s, s —p hay p - p (hinh 2.2) hoac giita caAc dam may lai hoa L —;
L- s; L—p (xem phan 4.6)

P-p

Hinh 2.2. Sw xen pht cac orbital khi hinh thanh cac lién két ova n

Nhv vay khi tao ra lién két o thi dat duoc s xen pha lén nhat vi vay lién két
xich ma la lién két bén. NEu gitra hai nguyén t& chi c6 mot lién két thi lién két do
lubn ludn la lién két o.

- Lién két hod hoc tao ra do s xen phi cac AO & hai bén ctatruc ndi hai
nhan nguyén tlr duoc goi la lién két pi. Lién két 7L.cé thé hinh thanhdo sy xen
phld cac dam may p—p, p—d hay d- d (hinh 2.2).

So voi lién két 7Lthi lién két o bén hon vi mic d6 xen phd lén hon va vung xen
pht nam trén truc ndi hai nhan nguyén ti.

Khi gira hai nguyén tl c6 tir hai lién két tré 1én thi chi c6 mot lién két o con
lai la cac lién két n.
Vi du:

Trong phan t&¢ H2c¢c6 1 lién két o do sv xen phl 2A0 s.

Phan tir Cl2c6 1 lién két o do su xen phu 2 AO p.
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Phan tir 02c6 1 lién két o do sy xen phi 2A0 pxpxva 1 lién két 7.do sy xen
phu 2A0 pypycua 2 nguyén tir oxy.
Tuwong tw phan t& N2c6 1 lién két o va 2 lién két 7L

Trong céac truong hop trén lién két hinh thanh do sv xen phi cac AO thuan
khiét s-s hay p-p.

4. Sy LAl HOA CAC AO TRONG LIEN KET

+ Khai niém lai hoa dwoc Pauling dva ra trong khuon kho thuyét VB.
Ta hdy xét sy hinh thanh phan t¢r CH4

c* 4H
2s2 2p3 Is1
H Itititi H

NEu khi hinh thanh phan t&¢ CH4nguyén ttr ¢* st dung 4 AO (1 may s va 3
may p) xen phi v6i 4 may s cta 4 nguyén t&¢ H (mot lién két hinh thanh do sy xen
phi s—s va 3 lién két do sy xen phu p—s). Nhu vay Ié ra cac lién két phdi khac
nhau (vi du d6 bén, goc lién két...) nhung trong thyc té ching lai hoan toan giong
nhau. Diéu nay duoc Pauling giai thich bang sw lai hoa cac AO.

Khi lién két cac nguyén tlr c6 thé khong str dung cac orbital (cac dam may) s, p,
d thudn ma chang c6 thé trén 1an (hay con goi l1a t6 hop) véi nhau dé tao thanh
nhirng orbital méi hoan toan giéng nhau (goi la cac AO lai hay cac dam may lai L).

Nhu vay:

Lai hoda la su t6 hop cac AO khac loai dé tao ra cac AO hoan toan giéng nhau
vé hinh dang, kich thich va nang lvgng nhwng c6 huéng khac nhau.

Khi c6 n AO tham gia lai hoa sé tao ra n AO lai hod. D€ co6 su lai hoa, cac AO
phéi c6 nang luwong khac nhau khoéng I6n. Vi du: 2s - 2p; 3s-3p—3d...

Cac dam may lai bi dich chuyén so vdi hat nhan nguyén tir, mot dau phinh to
ra (dau +) va do vay no6 sé xen phd hoan toan hon voi cac dam may tvong tac, tao
duwoc cac lién két hoa hoc bén virng

+ Dugi day la mot so' kiéu lai hoa va nhirtng dac diém cla cac AO lai:

4.1. Lai hoa sp

Su t6 hgp mot AO s voi mot AO p tao ra 2 AO lai hoa ¢é hinh dang, kich thuéc
va nang lvgng hoan toan giong-nhau_nhwng huong theo 2 hwdng trong khong
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gian, truc cta 2A0 nay tao ra goc 180°. Vi du sv lai hoa cac AO trong nguyén t
Be khi hinh thanh phéan tir BeH2

Be [0] t
Be* Q ] t i
2s 2p
180°
2L (sp) Vidu H Be H

Hinh 2.3. Lai hoa sp va su tao thanh phan t&r BeH2

4.2. Lai hoa sp2

Su td hgp mdt AO s voi hai AO p tao ra 3 AO lai hoa c6 hinh dang, kich thuéc
va nang lvgng hoan toan giéng nhau nhung hwéng theo 3 dinh clla mot tam giac
déu, truc cla 3A0 nay tao ra goc 120°. Vi du sv lai hoa cac AO trong nguyén tir B
khi hinh thanh phan tir BH3.

B 0
B* H Tit
23 2p
S+ pX+ Py 3L (sp2) Vi du BH:

Hinh 2.4. Lai hoa sp2va su tao thanh phan tlr BH3
4.3. Lai hoa sp3
Sy t6 hop mot AO s véi ba AO p tao ra 4 AO lai hoa cé hinh dang, kich thuéc
va nang lvong hoan toan giéng nhau nhuwng hwéng theo 4 dinh clia mot t& dién

déu, truc cla cac AO nay tao ra goc 109°28\ Vi du, sy lai hoa cac AO trong
nguyén t¢ €Khi Hinh thanh phan t& CH,i.

¢ It t
¢ H Ittt
25> 2P
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109°28'
s + Px + Py+ Pz 4L (sp3) Vi du CH4

Hinh 2.5. Lai ho& spJva suw tao ihanh phan t&r CH4

Ngoai cac ki€u lai hoa trén, cac nguyén to tlr chu ky 3 tré di, con c6 orbital d
cling c6 thé tham gia lai hoa nhu dsp2, dsp3 dxp3lan luot tao ra 4, 5, 6 dam may
lai hoa sé dwgc ndi dén & phan 3.7.

Pé xac dinh kiéu lai hod, nguoi ta thwdng st dung quy tac sau day:

S6 lvong orbital lai hoa cia mot nguyén tir trong phan t bang téng so' lién
két xich ma ma né tao véi cdc nguyén tir xung quanh va s6 cap electron hoa tri
chua tham gia lién két. Vi du:

CH4 ¢ c6 lai hoa sp3 (4+0)
CH2 Cc covvee. sp (2+0)
NH3 N co lai hoa sp3 (3+1)
HD 0 .o sp3 2+2)
S02 s Sp2 (2+1)

4.4. Hinh hoc phan tlr cia mot s6 hop chat
H3C-ch3
ethan

Hinh 2.6. So d6 xen phu cac orbital va hinh hoc phan tir ctia ethan
MOi ¢ co lai hoa sp* tao ra 4 orbital lai hoa.

Mot orbital lai hoa tao ra lién két o gilta 2 nguyén tr c. Cac orbital lai hoa
con lai tao ra 3 lién két o voi H. Phan tl c6 7 lién két o.

Phan tlr c6 dang hinh hoc2-chép-tir-dien-(hinh-2.6)
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h2c=ch?

ethvlen

Hinh 2.7. So d6 xen phl céac orbital va hinh hoc phan tir clia ethylen
MOi nguyén tir C co lai hoa sp'2tao ra 3 orbital lai.
Mot orbital lai hoa tao lién két o gitta 2 C va 2 lién két o gitra C va H.

AO p thuan xen phu bén tao 1 lién két 7L Phan t&r c6 dang hinh hoc 2 dinh
tam siac (hinh 2.7).

HC=CH

acetylen

Hinh 2.8. So d6 xen phu cac orbital va hinh hoc phan tlr clia acetylen
MOi nguyén ti¢ C co lai hoa sp.
2 orbital lai hoa tao 1lién két o gitta 2C va 2 lién két o gitta C va H.

4 AO p thuan xen phu bén tlrng d6i moét tao 2 lién két 7L Phan ti cé dang
hinh hoc thang (hinh 2.8).

CH4

methan

Hinh 2.9. So d6 xen pht cac orbital va hinh hoc phan t& cla methan

C c6 lai hoa sp3. 4 orbital lai hoa xen phd véi 4 AO s clia H tao 4 lién két o.
Hinh hoc phan tlr c¢é dang t& dién déu. Goc lién két 109°28\
NH3

amoniac

Hinh 2.10. So d6 xen pha cac orbital va hinh hoe phan t&r ctia amoniac

N co6 lai hoa sp3 3 orbital lai hoa xen phd véi 3A0 s clia H tao 3 lién két 0.
Hmh hoc phan tl c¢6 dang ¢hép. GaAc Tién Ket 13 107°18".
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h 20
Nuwoc

Hinh 2.11. So do xen pha cac orbital va hinh hoc phan té clia nuéc

0 co lai hoa sp3 2 orbital lai hod xen pha véi 2A0 s clla H tao 2 lién két o.
Hinh hoc phan tir cé dang goc. Goc lién két 1a 104°30\

BANG 2.5. KIEU LAI HOA CUA NGUYEN TU TRUNG TAM
VA HINH HOC CUA MOT s& PHAN TU

4- HOAPAICUONG
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4,5. Lién két lkhong dinh cw

Phan tlr benzen c¢d cau tric nhu thdy & hinh 2.12. ¢4 6 nguyén t C déu co lai
hoa sp2 Moi C tao 2 lién két o v6i 2 C bén canh va 1lién két o véi H. Céc orbital p
thuan con lai (co truc vudng géc véi mat phang cla cac lién két o) xen phl voi nhau
tao ra céac lién két 7L Nhu vay céac electron duoc giai toa trén ca 6 nguyén tir C (hinh
2.12). Nguoi ta goi cac lién két do la cac lién két n khéng dinh cu. M6t cach tuong
tv cung thdy & cac phan t butadien va alien (hinh 2.13). Cac lién két n khdng dinh
cw’ duoc md ta bang nhitng ddu chdm thay vi cho cac gach (hinh 2.14).

CgHg Benzen

Hinh 2.12. Cac orbital p thuan va su hinh thanh lién két n khéng dinh cw
trong phan t&r benzen

Hinh 2.13. Céac orbital p thuan va su hinh thanh lién két n khéng dinh cw
trong phan trbutadien va alien

C—cx.
C —C C—C—C

Hinh 2.14. Biéu dién cac lién két 7Lkhéng dinh cw
trong phan tirbutadien, alien va benzen

4.6. Lién két trong phtrc theo thuyét lién két hoda tri va cau trac khong
gian cua ion phtc

Theo thuyét nay su hinh thanh phirc duoc thuec hién nhd twong tdc cho nhan céc
cap electron chuwa chia xé cla cac phoi tr va cac orbital con tréng cua ion tao phuec.

Nhuw vay: ion phic gom:
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- Hat tao phtrc (ion tao phtrc) thuwong la ion kim loai khdéi d c6 cac orbital trong.
—Phadi tlr, thuong la ion hay phan tlr con doi electron chura lién két (NH3, CN~, CI°).

Vi du 1:
Sy tao thanh phic [Cr(NH36]3+
Cr z = 24 c6 cau hinh electron I6p ngoai cung va sat ngoai cung 3d%sl

tltltitm in [
3d5 4s1 4p°

lon trung tdm Cr3+c6 cdu hinh electron l6p ngoai cung va sat ngoai cung
3d3#As°4p°
Tt ot O

3d3 4s° 4p°

& day co su lai hod d2s p3tao ra 6 AO lai hoa (con tréng electron) huéng theo
6 dinh clia bat dién va phtc cé hinh hoc phan tir dang bat dién (hinh 2.15).

Su lai hoa xay ra gitta AO & I6p trong (3d) va cac AO I6p ngoai (4s, 4p) vi vay
goi la sy lai ho& trong. Phtrc la thuén tw vi co e déc than.

NH3

NHo

NH
NHc

Hinh 2.15. Cac orbital lai hoa tfs p 3ctia Cr3*va sy tao thanh ion phirc [Cr(NH365+

Vidu 2:
Su tao thanh phic [Ni(CN)42-
Ni z = 28 ¢6 cau hinh electron lIép ngoai cung va sat ngoai cung 3d84s2

3d8 4s2
ion trung tdm Ni+2 c¢6 cdu hinh electron I6p ngoai cung va sat ngoai cung
3d&s°4p°
VT CN“la phdi t¢ manh (lién két manh véi Ni2) nén c6 su don ép 2 electron
doc than cla 3d vao 106 lvgng to.

3d8 4s° 4p°
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CN' CN’
Hinh 2.16. Cac orbital lai hoa d s p2cua Ni2+va sy tao thanh ion phdc [NiiCNJJ2-

& day xay ra su lai hoa trong d s p2tao ra 4 orbital lai hod nam trén mot mat
phéng hudng theo 4 dinh clia mdt hinh vuéng. Phic c6 hinh hoc phan t& dang
vudng phang (hinh 2.16). Phitc 1a nghich tir vi khéng cé e doc than.

Vi du 3:
Phtrc [NiClJ2
& phtic nay do CI 1a phéi tlr yéu nén chi xay ra lai hoa cac orbital 16p ngoai 4
(4s, 4p) nghTa la HItHHIt It 1 O
Q0% AP ap
xay ra su lai hoa sp3= A0 4s + 3A0 4p
Cr

Hinh 2.17. Céc orbital lai hoa s p3cua Ni2* va sy tao thanh ion phirc [Ni(CI)42

Va hinh hoc phén t&r dang t¢ dién (hinh 2.17), phtc nay co sy lai hod ngoai
nén kém bén hon phtc lai hoa trong. Phirc thuan tlr vi con electron doc than.

Cac chat cé cac electron chwa ghép doi, bi tr truong hut goi la chat thuan tb.
Nguoc lai cac chat trong do cac electron da ghép doi, bi tlr trvong day dwoc goi la
chat nghich tu.

Thuyét VB cho phép hinh dung duwgc cdu trac khdéng gian cua phan tk, tuy
nhién né khong gidi thich duoc sy hinh thanh mot s6 phan t, vi du: H2 (le),
He2+ (3e), cling nhu tinh thuan tlr cia moét s6'phan ti nhv 02 NO,...

5. THUYET ORBITAL PHAN TU (VIET TAT mo - MOLECULAR ORBITAL)
Mulliken, Hund (Maliken, Hun - Btc) 1927

5.1. Luan diém co ban cta thuyét MO

- Phan tlr duoc coi nhu mot hat thong nhat, trong doé electron lién két chuyén
dong (twong tv nhuw & nguyén tk), trong mot dién truong gay ra bdi cac hat nhan
va céc electron con lai.
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- Trong phan t trang thai cia electron dwgc mé td bang cac MO (tvong tu
nhu & nguyén tlr, trang thai cta electron duoc md ta bang cac AO).

- Khi nguyén tr di vao lién két, cac AO cla chling t6 hgp (xen phu) véi nhau
tao ra cac MO. C( td hop 2A0 thi dvoc 2MO.

Diéu kién dé c6 su to hop la:

+ Nang lugng cac AO phai xap xi nhau.

+ Cac AO c6 si doi xirng gidbng nhau so véi truc lién két.

+ Sy xen pha phdi dat dwoc mirc dd rd rét.

- Trong phan ti c4c electron dugc phan b6 dan vao cac MO o, o*, 7, TU 8 (p
cling theo mot s6 quy tic nhét dinh: nguyén ly ngoai trir; nguyén ly virng bén va
quy tac Hund nhw ddi voi electron trong nguyén ti.

5.2. Khai niém vé MO lién két va MO phan lién két

Pé tim ra cac MO Mulliken va Hund da st dung phuwong phéap to hop tuyén
tinh cac AO (viét tat la LCAO —Linear Combination of Atomic orbitals).

Vi du:
Doi voi phan tir H2-cac MO (/M) duoc t6 hop tir hai AO\[/ava yBcla nguyén
tr Hava ion Hb+

Vmo = CjVJA+ C2UB
KEét qua thu duwoc 2 ham (2 orbital phan ti MO)

= (MA+ Vb) tvong tng vei E+< EAD

\u = (YA- V|/gitwong 'ng vGi E_> EAO

Trong ham t6 hgpwMD= ¢ ,W/A+ C2Yb

c Iva c2la nhitng hé s6cho biét sy déng gop cla cac AO vao MO.

Ci2 ¢/ s& la x&c suat dé electron dwoc md ta bdi yYAva ylg Trong tredng hop cac
phan tl dong hach (cac nguyén tlr cla cung mot nguyén t6), & day la hydro thi Ci = C2
va Ci2=c/. Twdo Ci =xC2

Nhuw vay khi t6 hop 2 AO yAva yBta thu dugc 2 ham:

= Cjy/A+c, yB
y_= C]w/A- CiYb
T diéu kién chudn hoda cla ham séng nguoi ta da xac dinh duoc c, = —+
\I2
Tl d6: A= 7r IVA+ W)
yii
V-= -1= (Ya - Vb)
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Khi trang thai electron trong phan tir dwgc mo tad bang ham \u+thi xac sudt o6
mat electron (W42 tap trung & vung gitta hai hat nhan nguyén t, tao ra stc hat
hai hat nhan v&i nhau va lién két dwoc hinh thanh. MO duoc mo t& bang ham \u+
dwgc goi la MO lién két (MOIK) (hinh 2.18 a).

Nguwoc lai, déi voi ham W_thi xac sudt c6 mat electron & chinh gilra khoang
cach hai hat nhan bang 0 dan dén luc ddy gira hai hat nhan, lién két khéng tao
thanh. Vi vay MO dwoc md tad bang ham \_duwoc goi 12 MO phan lién két, thuong
ky hiéu MO* (hinh 2.18 b).

a) b)
Hinh 2.18 a, b. Xac suat c6 mat electron gitra hai hat nhan nguyén t& H khi hinh thanh (a)
va khi khdng hinh thanh lién két (b)
5.3. Cau hinh electron ctila phan t
*Ca4c MO khi tdo hop cac AOs

Vi du:
Cac A0IScua nguyén tor H
MO* (0*)
HSH
s
MOk (0) AO MO AO

Hinh 2.19. Cac MO lién két, phan lién két va gian d6é nang lwong phan tir khi té hop 2 AOs

Cac MO va MO* c¢6 hinh dang dbi xt*rng qua truc lién két nhu trén duwgc ky
hiéu la cac MO o va (7 (hinh 2.19).



Nhu vay khi t6 hop hai A0Sta dugc hai MO: o va o * Trong dé MO lién két o
c6 nang lvong thdp hon nang lugng cta cac AOs, con cac MO phan lién két o* lai
cé nang lwong cao hon nang lvong cac AOs. Ta c6 bac thang nang lwvgng cac MO
nhv: 0 <o

Vi vay trong phan t&r cac electron duoc siap xép trwéc hét vao O1S

Vi du:

phan t¢r H9(le) c6 cdu hinh e 01He.,+(3e) 020*1

Ho (2e)o02He24e) 020*2

Chu y: khi tdé hop hai A02s ta cing thu duoc OSva o0*g nhung c6 nang lugng
cao hon, nghfa la O1S< o*s< OS5 < 0ls

» Cac MO khi t6 hop cac AOpzE

MO*(0*)

+ - /-C h.

K3-

® o o

MO(0) AO MO AO

Hinh 2.20. Cac MO lién két, phan lién két va gian d6é nang lwong phan ttr khi t6 hop 2 AO pz

Trong trvong hgp nay cac MO kva MO™* cling ¢6 dang doi x(rng qua truc vi vav
dwoc ky hiéu la 0z dé phan biét voi o do cac AO s tao nén (hinh 2.20).

e« Cac MO khi to hgp cac AO pxhay AO py

Nhuv vay khi té hop hai AO pxthu dugc hai MO lién két va phan lién két, cac MO
nay khéng déi xtng qua truc lién két va duoc ky hiéu 71Xva n v6i ndng luong < 7*
(hinh 2.21). Tuong ty nhw vay déi voi hai AO pythu dugc nyva 7 voi MX= 7Tly< n =n,.
Tl d6 ta viét duoc cac MO theo trat tv nang lwgng tang dan nhu sau:

01S < 0;8s < 0285 < (4 < 0z< T7IX= 7iy< < = T71* < o* (1)

V6i bac thang nang lwgng nay ta cé thé viét duoc cau hinh electron cla céc
phén t hai nguyén tlr cla ¢ac nguyén to"cudi chu Ky 2 nhuv o, F, Ne.
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MO*(O

E
I \
[rl 1J~\
/Il K=K
Htltl K rtl-
Px Py Pz Pz Py Px
| id |
\n*~ /
AO AO
M IK
MOW (074

Hinh 2.21. Cac MO lién két, phan lién két va gian dé nang lwong phan ttr khi t6 hop 2 AO p,
Doi vbi cac nguyén t6 dau chu ky 2 cac MO c6 bac thang nang lvgng sau:
01S ~ 01S < 028 < 028 < 7Ix — 7iy < Of < 71X — 77y < o0 z (2)

DPé viét cdu hinh electron clia phan t& ta phai tinh téng sb electron cla phan
ttr roi dién vao thang ndng lwong tvong (ng theo nguyén ly Pauli (méi MO t6i da
2e), nguyén ly virng bén (vao cac MO c¢6 nang lwong tir thdp dén cao va quy tac
Hund) v6i cac MO c6 mic nang lugng nhuv nhau thi phan b6 sao cho c6 nhiéu
electron doc than nhat.

Vi du:
02 (16e) s 015 <4 °25 or ﬁzizz’ in Yoo
2 2 2 7 2 2
N2 (146) 0o1s 01S 25 25 KZT y o0z

Lwu y: dé don gidn nguoi ta thuong chi viét tr cdc MO 2s (chi tinh s6 electron
I6p ngoai cung). Khi do ta co:

—2 2 2 2 1*
02 55 o202k I 7};
n2 0_'_52 GZ:K*ZT y2 022
Ne2 (20@) 0’_2 02:or 22 " — 2 N "2; Aozz

Céac gidn do nang luong tuong (*ng cla cac phan tl nay cho & hinh 2.22a, b.
Trong thuyét MO nguoi ta cling dva vao khai niém bac lién két (dd boi lién
két) B. B duoc tinh theo cdng thic:
D= n- n*
n: s6’e irén cac MO /ién két
n*: sd e trén cac MO phan lién két
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Theo cong thirc trén do boi clia 02 N2 Ne2twong *ng bang 2, 3, 0. B clia Ne2
bang O digu d6 c6 nghTa la khéng ton tai phan t Ne2

Dwa vao cau hinh electron nguoi ta cling biét duoc tijf tinh cla phan t&: néu trong
cau hinh electron co electron doc than thi phan t& la thuan tr, nguoc lai la nghich ti.

_ /I <= ny \
K = K \ y
. 1% i 1 K\
\\
~lhi_ * - -t ot 11 H t ot
2 p xyz 2 p xyz \\ 17 2 p xyz
\ A\ 0z I
-— u/
o7 |/ \ - !
S K
H W K
-1'N 'K os H g - —I'N"H -1 os > 0
2S 2S INY b
0 s 0 N 08 N
a) b)

Hinh 2.22. a, b. Gidn d6 nang luvong ctia phan t&r 02(a) va N2(b)

BANG 2.6. CAU HiNH ELECTRON CUA MOT s6 PHAN TU VA PHAN TU ION

Céu hinh electron b I(A)  E(kcal/mol)

h2 1 0,74 104,0

"2 A ar K=K oz 3 110 2254

02 & °r of K <= < 2 1,21 118,2

£2 0% ,\3?* 0,% -2X_ 32/ 5*_ 4 1 1,42 37,1

0/ = o2 o= A )2/ r_ 9* 2,5 1,12 150,5

Ne/ og O’g 0% S 77 °Z!. 0.5

. Cau hinh electron va gian d6 nang luvgng ctia phan t&r hay ion dang AB (XB> xa)-

Vi du:

NO, CO, Ci



Céu hinh electron cta cac phan t loai nay cling thudc day (2). Nhung & gian
dd nang lvong cac AO clia nguyén tr B dwgc xép thdp hon (hinh 2.23a).

BANG 2.7. CAU HINH ELECTRON CUA PHAN TU VA ION DANG AB

AB Cau hinh electron D) 1(A) E(kcal/mol)
co o O* ni =ni o* 3 1,28 255,7
NO ai 7= i aji 7= 7 2,5 1,15 162,2

CN“ P o 7R- 7§ 62 3 1,14 224,9

« Cau hinh electron va gian d6 ndng lugng cta phan ti dang AB (xB» X a)
Vi du:

Phan ti HF

H: sl F: 1s22s22p5

Vi nang lvgng clia cac phan méc Is va 2s ctia F qua thap so véi nang lugng Is
cua H nén trong treong hop nay chi xay ra sv t6 hgp AO Is clia H véi mot AO pz
cua F dé tao ra hai MO: a va o0*. AO 2s va cac AOpx Py con lai cla F tao ra céc
MO khong lién két, thwong ky hiéu MOKK Béac thang nang lvong cia cac MO nhuw
sau: ogklk ui. Wk = # KL of* twong (ng véi gidn do nang lugng hinh (2.23b).

/-C K rc h

lI<= <a %

Rklk =
MEEM - T
* -t
\\ oz /i )
\ |
-0 -
0z
2s
oS \ - SHE
LklK o3 2S
0 2s -
c 0 H F
co HF
a) b)

Hinh 2.23 a, b. Gian dé-nang lwong,cua, phan tirco (a) va HF (b)
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6. Su PHAN cv c CUA PHAN TU

Mot phan t& duoc goi la phancuc khi trong tamdién tich dwong khong trung voi
trong tam diéntich am. Khodng cach gilta hai trong tam goila dédai lvéng cuc.

Khi phan tl chi gébm hai nguyén tr néu lién két la phan cuwc thi phan t& ciing
phan cuc va do dai ludng cwc chinh la do6 dai lién két. Vi du, cac phan t¢ HC1,
HBr, CO, NO... la cac phéan tir phan cuc.

D6i voi nhitng phan ti gom nhiéu nguyén tl (tr 3 nguyén tl tré 1€n) chi phan
cwc khi trong phan tlr co6 lién két phan cuc va cac lién két phan cuc khong triét
tiéu nhau (tbng cac vécto' momen lién két khac O hay phan tlr c6 cau trac bat doi
xtrng). Vi du: C02 S03 CCl4la cac phan tir khong phan cuwc vi ching c6 cau tric
doi xing.

° T

0 0 [\ / \C
o 0 0 d \ C1
Tl

Trong khi dé cac phan t¢r H2D. S02 CHCIg la cac phan tr phan cuwc vi co cau
trdc phan tir bat déi xtng

/9 12 H
H H H H e

Cl vC1

Cl

Dé danh gia dd phan cuwc cta phan ti nguoi ta cling dung mot dai lvong goi la

momen ludng cwc cta phan t. dwgc ky hiéu u
Kot=g1

g: dién tich cda trong tam

1: chiéu dai lvdng cwc, & day la khoang cach gilra hai trong tam dién tich

u ptcing duoc tinh bang ¢.m hay Dobai

Phan tlr c6 hai nguyén tl thi momen lvdng cuc cta lién két chinh la momen
lwvdng cwc cua phan to.

Phan ti co tir hai lién két trg 1én thi momen ludng cuc clia phan tir bang téng
momen lwdng cuwc cla cac lién két

Momen ludng cwc cla nhiéu phan t co thé xac dinh dugc bang con duong
thuc nghiém hodc tinh todn dwa vao momen ludng cuc cla lién két:

Vi du doi voi phan tlr 3 nguyén tlr ABC, gia tri cia momen lwdng cuc phan ti
dwoc tinh theo so do sau:
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la=iij2+ n2+ 2)il]i2cosa C

Phan tr C02c6d tong vecto momen lién
két 11—O0vi vay khéng phan cuc.

Phan t¢ H2 cé tong momen lién két
2= 2njI+ cosa) * 0 (a =104°30’ va la
momen ludng cuc cla lién két O-H). Vi
vay nuoc la phan ti phan cuc.

BANG 2.8. MOMEN LUONG cuwc CUA MOT s& PHAN T

Phan tr BeCl2 Co02 S03 h20 H2S S02 nh3 CH3CI

0 0 0 1,86 1,02 1,60 1,46 1,86

Momen lwdng cuc la mot thong sb co lgi trong nghién clru cdu trdc cla phan to.

Sv phan cuc cta phan tr c6 &nh hwdng dac biét dén mot s6 tinh chat vat ly
cia phan tk: cac phan t¢ phan cuwc dé dang tan trong dung moi phan cuc va
nguoc lai.

CAU HOI Tv LUONG GIA
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2.1.

2.2.
2.3.

2.4.

2.5.

2.6.

2.1.

2.8.

2.9.

binh nghfa: ndang lvong ion hod, ai luc electron va dd am dién cia mot
nguyén t6" Biéu thirc tinh d6 am dién.

Nhirng dai lwvgng dac trung cua lién két va moi lién hé gilra chung.

Su phan loai céac lién két dua vao dd am dién. Cho cac vi du va néu cac
diéu kién, qua trinh hinh thanh cac lién két ion, lién két cong hoa tri, lién
két cho nhan.

Theo quy tac bat t&r hdy biéu dién lién két trong cac phan tl va ion sau
day: HD; NH3NH4: C02S02S03HNOZ2ZHNO3HX64

Diéu kién hinh thanh lién két hydro so sanh ndang lwong lién két nang
lugng lién két ion va lién két cong hoa tri. Néu nhirng vi du cho thdy &nh
hudng cta lién két hydro dén tinh chat vat ly cta cac chat.

Thuyét hoa tri lién két (VB) dwgc dua ra trén co s& nghién clu nao? Hay
néu nhirng luan diém co ban cla thuyét do.

Cho vi du, ddc diém cla lién két 7Lva lién két 0. So sanh va giai thich vé
dd bén cha hai lién két nay.

Lai hoa la gi? Bac diém cac dam may lai hoé sp; sp2 sp3. Cho céc vi du vé
nhirng hop chat co6 su lai hoa nay.

Hinh hoc phan tir va so d6 xen pha cac dam may electron trong cac phan to:
CH4CH2 CH4 CHENH3HXD; S02S03CO; C02

Trong cac phan t nay C, N; O; Sco Kiéu lai hoa gi?



2.10. Hinh hoc phan tlr cQa cac phan tlr butadien, benzen, alien (CH2= C = CH2.
Cho biét cach biéu dién chung bang céng thic:
CH2=CH —CH = CH2 ™" ; ch,=c¢ = CH2c6 chinh xac khéng? Tai sao?
2.11. Hay néu nhirng luan diém co ban cua thuyét orbital phan tt (MO) vé
lien két. Cac MO tim dwoc dua vao phuvong phap nao? Y nghia gi cla cac
MO? Thé nao la MO lién két va MO phan lién két (so sanh vé hinh dang
va nang lvong trong khéng gian).
2.12. Céu hinh electron va gidn d6 nang luong cla cac phan tir dang A2trong do
A thudc chu ky 1 (H2+ H2 He>+ He-j). Tai sao khdng ton tai phan tir He2
2.13. Cau hinh electron va gidn d6 nang lvong cla cac phan tir dang A2trong
doé A thudc cac nguyén t6' cudi chu ky 2: o, F, Ne (02 F2 022-,...). B0 bdi
va ti tinh clta chung?

2.14. Cau hinh electron va gidn dd nang lugng cla cac phan tir dang A2trong
doé A thudc cac nguyén t6 dau chu ky 2: Li, B, Be, ¢, N (Li2 Be2 N2..).
Do bdi va tr tinh cua ching.

2.15. Cau hinh electron va gidn d6 nang lvgng cla cac phan tir va ion dang AB:
CN~, CO, NO+ HF. B bdi va tir tinh cla chung.

2.16. So sanh do6 dai lién két va do bén lién két trong cac ion va phan to:
cy, 02, 02,02

2.17. Khi nao mot lién két bi phan cuc? Mot phan t&¢ phan cwc? M6 men
ludng cuc la gi? Trong cac chat sau day phan t nao phan cuc? C02 H,
CHC13 S02 S03

2.18. Tai sao CC14khéng tan trong nuéc con CHSZOH lai tan v6 han trong nuéc.
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Bai 3

NHIET BPONG HQC

MUC TIEU

1 Trinh bay dugc ndi dung clia nguyén ly th nhét cla nhiét ddng hoc va néu duoc
y nghia cua cac ham trang thai: ndi nang va enthalpy.

2. Van dung duwgc nhitng dinh luat cGa nhiét hoa hoc dé tinh toan hiéu &ng nhiét
clia nhitng phan ng hoa hoc khac nhau.

3. Trinh bay duoc ndi dung va giai thich biéu thirc nguyén ly th hai cta nhiét
dong hoc.

4. Néu dugc y nghia cla cac ham trang thai: entropy va nang luong ty do trong
nghién ctu cac phan ¢ng hoa hoc.

M6 PAU

m Nhiét dong hoc nghién cttu nhitng quy luat chuyén hoa gitra cac dang nang
lvong khac nhau.

m Co s¢ cla nhiét déng hoc la hai nguyén ly rat ra tir kinh nghiém séng cla
con nguoi. Cac nguyén Iy nay khéng thé ching minh bang con dudng toan hoc
nhung nhitng hé qua rat ra tir né khong mau thuan véi thuc tién.

m Nhiét dong hoc hoa hoc sir dung nhitng két qua nghién ctucuta nhiét dong
hoc vao hoa hoc dé tinh toan thing bang vé nang luong va rat ra mot so' dai luveng
lam tiéu chuan dé xét doan chiéu hudng clia mot qua trinh hoa hoc.

1. MOT SO KHAI NIEM VA DINH NGHITA
1.1. Hé nhiét dong hoc: B6i tvong ma ta dang nghién cltu vé mat nhiét dong
hoc. Ngoai hé goi la m6i treong.

- Heé cb lap: khong trao doi vat chat va nang lwgng véi moi truong.

—Hé kin: khong trao doi vat chat nhung co thé trao d6i nang lugng véi moi trrong.
1.2. Ham s6 trang thai: Cac dai lvong xac dinh trang thai cta hé. Vi du nhiét
do, ap suat, thé tich, ndi nang,...

Nhirng dai lvong la ham trang thai c6 dac diém la bién thién cda né trong bét
ky qua trinh nao cling chi_phu thudc vao trang thai dau va cudi ma khong phu
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thudc vao cach dién bién cla qua trinh. Vi du, bién thién cla thé ndng cha mot
vat & hai trang thai khac nhau chi phu thuéc vao dé cao & hai trang thai ma
khéng phu thudc con dwong dwa vat tlr trang thai nay sang trang thai kia.

1.3. Qué trinh nhiét dong: Khi hé chuyén tr trang thai nay sang mot trang thai
khac ta noi hé da thuc hién duwgc mot qua trinh,

Qua trinh dang tich: thé tich khong dbi.

Qua trinh dé&ng &p: ap sudt khong déi.

Qua trinh déng nhiét: nhiét do khong doi.

Qua trinh doan nhiét: khong trao déi nhiét véi moi truvong.

2. NGUYEN LY THU NHAT caa nhigt dang haqc

2.1. NOi dung va cac cach phéat biéu

NOi dung: tinh chét bdo toan cta nang luvgng.

Phat biéu:

e Nang lvong khong tv sinh ra va khong ty mat di ma né chi c6 thé chuyén tu
mot dang nay sang mot dang khac. (Pinh luat bdo toan va bién hoa nang lugng
clla Lomono6xo6p)

« Khoéng thé c6 dong co vinh clru loai 1. (Bdng co lién tuc sinh cdng ma khong
can tiéu tén nang lvgng hay chi can mot lvong ban dau).

e TONn tai mot ham trang thai U goi la ndi nang ma bién thién cla ndi ndng
khi hé chuyén tlr mot trang thai nay sang mot trang thai khac (AU) bang téng dai
s6 nang lvgng da trao doi véi mdi trvong trong qua trinh bién ddi nay.

e Nang lugng ciia mot hé cd 1ap ludn lubn duoc bao toan.

2.2. Ndi nang - Biéu thirc ciia nguyén ly |

Nang lugng ctia mot hé gom 3 phan:

- Bong nang (néu hé dang chuyén dong).

- Thé ning (do hé nam trong trwong trong luc).

- NOi nang.

Trong nhiét dong hoc nguoi ta nghién cttu nhitng hé khéng chuyén dong va
tac dung cda trudng hdp dan la khong ddi vi vay chi cha y dén ndi néing.

NOi ndng: Nang luvgng tiém tang bén trong mot vat hay hé bao gom:

+ Tong dong nang (chuyén dong tinh tién, quay, dao dong) clia cac phan ti,
nguyén tt, electron, hat nhan nguyén t.

+ Tong nang lvong tvong tac (thé nang) gitra ching.

Noi ndng (thwong ky hiéu bang chir U) 12 mot ham trang thai vi ’ng véi moi
trang thai c6 mot gia tri cla-w-va-bién-th'ien-AUJ-khéng-phu thuéc vao qua trinh.
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Gia tri tuyét doi cta ndi nang khdng xac dinh dwgc nhwng bién thién cua né
khi hé chuyén tlr trang thai 1 c6 ndi ndng U!sang trang thai 2 ¢ ndi ndang U2

AU = 1 2- Uj c6 thé xac dinh dugc qua lvgng nhiét Q va lugng cong A ma hé
da trao doi (cho hoac nhén) trong qué trinh do.

AU = Q +A (3.1)

Pay la biéu thic nguyén ly I cla nhiét déng hoc.

Lwu y: Theo quy woc, néu hé nhan dwgc nang luong dwoi dang nhiét hay cong thi
Q va Acd gia tri duong. Nguoc lai néu hé sinh nang lwvgng thi Q va A c6 gia tri am.

Vi du:
Khi n6i hé phan rng tod ra mot nhiét lvong la 100 Kcalo c6 nghia la Q =-100 Kcal
—Trong biéu thirc trén, cong A bao gém hai loai cong:
e COng dan n& Adn=- P.AV
e CONng c6 ich A’ gdm tat ca cac loai cong khac ma hé trao dbi voi moi treong
nhw cong dién, cong hoda hoc, cong co hoc... Khi dé biéu thirc nguyén ly I ¢é dang:
AU=Q +A'- PAV (3.2
Ching ta hdy xem xét biéu thirc nguyén ly I trong mot s0"vi du sau day:

Vidu 1

Ta hdy hinh dung mét thi nghiém nhw & hinh 3.1. & trang thai dau hé gom
mét xilanh cd pittong trong d6 c6 m6t lo dung dung dich HC1 va m6t it kém. Luc
nay hé condi nang Uj. Khi nghiéng xilanh dé thwc hién phdning gitra acid va
kém,hé tod ramdt nhiét lwong Q va sinh ramdt cong dan ndé (cong chdng ap suéat
khi quyén P) = —P.AV.

K&t thuc thi nghiém hé nam & trang thai cudi c6 ndi ndng U2 Theo nguyén ly
| ta co:

AU =Q- P. AV

Vi Q<0nén AUK<DO

Diéu nay c6 nghta la lugng nhiét tod ra va lugng cong ma hé thuc hién duoc la
do sw gidm ndi nang cua hé.

1 AV
H,
o e 2
Zn HC1
u, v,

Hinh 3.1. Mo hinh thi nghiém.minh.hoa.biéu.thic.nguyén.ly th(r nhat ctia nhiét dong hoc
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Vidu 2:

Hoat dong clia mot chiéc pin:

Néu hai cuc cla pin duwgc nbi véi mét mdto (vi du mot cai quat) thi & trang
thai dau (khi chua déng céng tac) toan bd hé c6 mot ndi nang la Uj chang han.
Sau khi déng cong tac va cho quat quay dén khi dirng, hé da sinh ra moét cong A’
(cong co ndang) cé ich. BEén trang thai nay hé c6 mot ndi nang la U2 Nhu vay trong
qua trinh nay da cé mot bién dbi ndi nang AU - U2- ut.

NEu coi nhiét toa ra 6 day la khong dang ké (Q = 0), hé khong thay doi thé
tich (And= 0) thi biéu thirc clia nguyén ly tht nhat trong trweong hop nay la:

AU = A' ma A< 0 (vi hé sinh cong)

Khi d6 AU < 0. Biéu nay c6 nghta la cdng dién sinh ra & day la do sy gidm noi
nang cuta hé.

Cling vi du nay, néu pin chi ndi véi dién tré tod nhiét. Khi d6 Q <0, Adn=0, A'=0)

AU = Q -> AU < 0. Biéu nay c6 nghta la nhiét lvong toa ra trén dién tré do su
gidm ndi ndng cua pin.

Uc

Hinh 3.2. M6 hinh thi nghiém minh hoa biéu thirc nguyén ly thi* nhat cta nhiét déng hoc
khi hé chi sinh cong hoac chi tod nhiét

2.3. Enthalpy
Nhu trén d& thdy trong mot qua trinh déng tich AV = 0 -» Adn= 0. Né&u hé
khéng thwc hién cong co6 ich (A' = 0) thi Qv= AU.
C6 nghta la nhiét trao d8i trong mot qua trinh déng tich b&ng bién thién cla
nbi nang.
Trong mot qua trinh déng a4p néu hé khong sinh cong c6 ich ta co:
AU = Q- P.AV hay Qp= AU + P.AV
Qp=U2- Ul+ PV2- PVj=(v2+ PVY)- (U, + PV,
Ky hiéu U + PV = H ta c6:
gp=h2- hl=ah
Nhuw vay nhiét trao d8i trong mot qua trinh dang ap bang bién thién cta mot
ham trang thai ma&i goi la enthalpy ky hiéu bang H. Noi ndng va enthalpy c6 ban
chdt giéng nhau, déu la nang lwgng tiém tang bén trong mot hé hay vat bat ky.
H = U PV Hay AH=AUTPAYV (3.3)

5- HOADAICUONS
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Cac phan ng hoa hoc thwong duwgc thuc hién trong diéu kién ap sudt kh]
quyén khong doi va néu khong cé si tham gia cla cac chat khi (AV = 0) thi
AH=AU;, H=U

3. NHIET HOA HOC

3.1. Hiéu &ng nhiét cda phan &ng (nhiét phan rng)

Trong mot phan rng hoa hoc, vi du:

A+B->c +D

Thuong nang lwgng toan phan (ndi nang hay enthalpy cla cac chat tham gia
phan ng khéac véi nang lvong toan phan cla cac chat san pham phan (ng. Két
qud la sau phan &ng c6 mot phan ndi nang hay enthalpy bi bién doi. Phan nay
duwgc chuyén thanh nhiét.

Lvong nhiét tod ra hay hdp thu vao trong mot phdn &ng hoa hoc duwgc goi la
hiéu Gang nhiét clda phan &ng. Hiéu (¢ng nhiét cta phan tng thwong dwoc ky hiéu
bang bién thién cla enthanpy AH (phan ng hoa hoc thwong thuc hién 6 ap suét
khong déi va khdng sinh cdng co ich).

Phwong trinh phan (ng hoa hoc cd ghi ro trang thai cta cac chéat va hiéu ng
nhiét dwgc goi la phuong trinh nhiét hoa hoc.

Vi du:
C(r) +02k) —C02Kk); AH = —94,05 kcal

3.2. Binh luat Hess

Hiéu &ng nhiét cia mot phan ng chi phu thudc vao b&n chat va trang thai cla
cac chat dau va cudi ma khong phu thudc vao céach thic dién bién cha phan tng.
Vi du. v6i phan Gng:

Bang thwc nghiém nguoi ta xac dinh duoc:

ah3 AH, =- 94,1; AH2=- 26,4; AH3=- 67,6 kcal
COo +
3.3. Tinh hiéu &*rng nhiét cia phan &*rng dwa vao nhiét sinh

Nhiét sinh cia mot chat la nhiét cia phan (ng tao ra Imol chat dé tr cac don
chat & trang thai bén virng.

Vi du:
3
2A1+ 272" A1D 3 AHg =—399,1 kcal/mol

Luvu y: - Nhiét sinh xac dinh & diéu kién 1 atm va,298°K dwoc goi la nhiét
sinh tiéu chuédn va ky hiéu la AHg .
- Nhiét sinh cta cae-den chat hén bang, 0.
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BANG 3.1. NHIET SINH TIEU CHUAN, entropy tuyét doi

VA BIEN THIEN NANG LUONG Ty DO SINH TIEU CHUAN cta mot s6 hop chat

Hop chéat

hydro

oxy

nito

clo

carbon

natri

nuwéc

nuéc

carbon oxyd
cacbon dioxyd
amoniac
amoniac
hydroclorid
hydrobromid
hydroiodid
natri clorid
natri hydroxyd

anhydrid sulfuro
anhydrid sulfuric

methan
ethan
ethylen
acetylen
benzen
ethanol
acetaldehyd
aceton
a.acetic
a.butyric
a.benzoic
a.fumaric
succinic

L alanin
glycin
a.glutamic
a.aspartic
ure

lire
a-Dglucose
saccharose

glycerin

Coéng thuc

Hz

n2
Cl2

CH:CHO
CH:COCH:
ch3ooh
c:h7cooh
csh5ooh
c:h.04.._
cdh6o4
chmho7
c:hsno.
csheno.
c.h:no.
nh.conh”?
nh.conh.
CaHID 6
CioHeo o
c,hbo.

Trang
thai

=~

~~ x-S " XXX

dd

~ X x

- - - - - - X X X X X X =~ =

e T

AH°S
(kcal/mol)
0

o O O o

-57,8
- 68,3
- 264
-94.1
- 193
-8,67
+ 6,3
-98,6
- 102,3
- 71,0
-94.5
- 17,9
-20,4
+12,5
+54,2
+11,7
-66,4
-39,8
-59,3
-115,7
-128,1
-01,7
-194,1
-225,0
-134,6
-128,5
-241,2
-233,3
- 76,3
- 79,6
304,6
531,5
-160,45

S°
(cal/mol.K)

31,2

49,0

45,8

53,3

1,4

12,2

45,1

16,7

47,3

51,1

45,8

44,7
47,48
49,4
17,32
125,12
59,3
61,4
44,5
54,8
52,5
48,0
64,4
384
63,56
47,55
38,2

30,91

24,76

25

86,19
48,95

AG°S
(kcal/mol)
0

o O O o o

-54,69
-56,74
-32,84
-94,33
-3,91

-22,79
-12,73
+0,31
-91,87
-90,19
-71,86
-88,61
-12,15
-7,86
+16,3
+50,05
+41,34
-41,81
-32
-36,73
-93,18

-88,56
-90,36

-48,72

-219,24
-369,45
-114,71
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Vi du:
Xac dinh hiéu *ng nhiét AHXcua phéan &ng:

Al2D3 + 3S03 = A1AS043
Biét AH° -399,1 -94.,5 - 821,0 kcal/mol
Al 3+ S03
ah2
2A1+ 602+ 3S e *A12AS043
N AS049

Theo dinh luat Hess ta co:
AHX= AHj —AH:
AHX=1 AHg (sp) - | AHg (tg)
AHX=- 821 - [3(- 94,5) - 399,1] = 138,5 kcal.
Hiéu (’ng nhiétcia mot phan ¢ng bang tong nhiét sinh cha cac chat san
pham trir di tong nhiét sinh cla cac chat tham gia phan ng.
Vidu 1:
Tinh hiéu (ngnhiét cla phan *ng oxy—hoaglucose & diéu kién tiéu chuan.
CeHID 6(r) + 602(K) 6C02K) + 6HD(1)
Biét AHg - 304,0 - 94,6 - 68,3
AHP° = 6(- 94,6) + 6(- 68,3) - (- 304,6 +0) =- 670 kcal.
Vi du 2:

Tinh hiéu ¢ng nhiét cia phan Gng thuy phan ure thanh C02va NH3 (phan
tng nay thuc té khéng xay ra néu thiéu urease)

(NH22CO (dd) + HD (1)) AH®  C02(dd) + 2NH3(dd)
Biét AHi - 76,3 - 68,3 - 98,7 -19,3 kcal/mol
AH° = [- 98,7 +20-19,3)] - [-76,3 + (-68,3)] = 7,3 kcal.

3.4. Xac dinh hiéu &ng nhiét cda phan *ng dwa vao nhiét chay

Nhiét chay clla m6t chat la nhiét clla phan (ng doét chay 1 mol chat dé dé tao
ra cac oxyd cao nhat.
Vi du:

CHOH +302-» 2C0Oz+ 3HAD AH(C =-327 kcal/mol

Luuy:

- Nhiét chay xac dinh & diéu kién tiéu chuan duoc goi la nhiét chay tiéu
chuén va duoc ky hiéu la_AH”.
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- Nhiét chay cla céac oxyd cao nhét bang 0.
Bang 1.2. la gia tri nhiét chay tiéu chudn clia mot 8" hop chat. Dwa vao bang
nhiét chay ta c6 thé tinh duoc hiéu ng nhiét cia mot phan ng.
Vi du:
Xac dinh hiéu &ng nhiét AHXcua phan &ng:
2CO0 + 4H2—>»HX + C2H0OH
Biét: AHe - 67,6 - 68.3 - 326,7 kcal/mol

H,0 + CH30H

Theo dinh luat Hess ta co:
AHX= AHi—AH2
AHX=1 AHC (tg) -1 AHC (sp)
AHX= [2(—67.6)+ 4(-68,3)] - (- 326,7) =-81,8 kcal.
Hiéu (ng nhiét cia mdt phan ¥ng bang téng nhiét chay cla cac chat tham gia
trir di tbng nhiét chay cla cac chat sdn pham phan ng.

BANG 3.2. NHIET CHAY TIEU CHUAN cta moét s& chat

Hop chat Trang thai AHC Hop chat Trang thai AH°C
(kcal/mol) (kcal/mol)

hydro k -68,3 phenol I - 372,0
methan k -212,8 aceton | -430,9
ethan k - 372,8 a.acetic I - 208,3
ethylen k - 337,2 a.benzoic r -771,8
acetylen k -310,6 ethyl acetat | - 538,0
benzen 1 -783,4 anilin I -811,9
naphthalen r - 123,0 toluen I - 934,5
cloroform 1 -89,2 methanol | - 1737
CCl4 1 -37,3 ethanol | -326,7

3.5. Nhirng tinh toan dwa vao nhiét nguyén tlr hoa va nang luvong lién két

Nhiét nguyén tr hoa clia mot chat la nhiét lvong can thiét déphan huy 1 mol
chdt & thé khi thanh cac nguyén tl ¢ thé khi.
Nhiét nguyén tlr hoa dwoc Ky Higu Hang AH.
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Vi du:

Ho (k) > 2H (K)

CH., ® -» C (k) + 4H(k)

Nang IuQiig cia mot lién két la nang lugng can thiét dé pha vé 1mol lién két
thanh cac nguyén tir & thé khi.

AH,= 104,2 kcal/mol

AHh = 3380

kcal/mol

BANG 3.3. NANG LUONG LIEN KET TRUNG BINH CUA MOT SO LIEN KET

O o o o o T
1 1
O 0O o o I T

cC-o
o= o
c=0
C =o
c =N
0-0

Phan ti
h2

ch4
C2Hs
c2nd
cn?
cbh6
c2n5oh
ceton
aidehyd
Cco2
HCN
h2 2

E (kcal/mol)
104,2
99,0
78,0
140,0
193,0
120,0
75,0
156,0
150,0
168,0
207,9
33,0

ét

N&ng lvong lién két dwoc ky hiéu bang E.

Vi du:

Phan tcr

h20
ROH

nh3

n2
h2s

ClI2
HCI
R-CI
rnh2

02

E (kcal/mol)

110,0
104,7
93,4
38,0
225,4
82,0
92,0
58,0
103,2
75,8
65,9
117,0

Eh hla nang lvgng lién két gitta hai nguyén t& hydro trong phan ti H2 Nang

lvong nay cing chinh bang nhiét nguyén t& hoa ctia H2

AHM —E|| It

P67 VOl phan tir CH, thi AHQH = 4EC i, vi trong phan t& nay co 4 lién két C-H.

M6t cach twong tv AH(.n = 4EC H+ Ec ¢

Vidu 1:

Tinh nang lugng lién két 0 - H trong phan t& H2 biét:
Al T Hu =—57,8 kcal/mol
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2H 0

Theo dinh luat Hess ta co:

2EO0_h= AHH + . - AHS

EO_h= —104.2 + 58,5 —57,8) = 110 kcal/mol
Vidu 2:

Tinh nang lvgng lién két C =C trong phan t&r CH4biét:
AHGH  =12,5 kcal/mol

E.n = 104,2 kcal/mol
Ep H = 99.0 kcal/mol
AH(n»0K) = 171,5 kcal/mol
AH°q
ZC(I') + 2H! C&LA
2Eh h
2AH g2 AHCH- Ec=c + 4Ech
2C(k) 4H

Theo dinh luat Hess ta co:
Ec= ~ 2AHQN>AK + 2Eh h—AHS—4ECH
Ecc=2.1715 +2.104,2 - 125- 4.99,0 = 142,5 kcal/mol

Vidu 3:
Tinh hiéu *ng nhiét cta phan ¢ng hydro hod ethylen:
ch2 = CH2+ H2->CH®iét:
Ec=c = 142,5 kcal/mol
Ech “ 99,0 kcal/mol
En-h = 104,2 kcal/mol
Ec-Cc = 78,0 kcal/mol
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AH
ch,=ch9+h9 ch6

Ec=c + 4Ech + E

Theo dinh luat Hess ta @
AH=Ec=c+ Eh_h- 2E._ 4 -E ¢-¢
= 1425 + 104,2 2.99,0-78,0 =- 29,3 kcal/mol
Hiéu (ng nhiét cia mot phan (ng bang téng ning lvong lién két trong cac
chdat tham gia trir di tong nang lvong lién két trong cac chat sdn pham phan ng.

4. NGUYEN LY THU 1l CUANHIET BONG HOQC

4.1. NOi dung va cac cach phat biéu

NOi dung:

Nguyén ly th Il dé cap dén mot dac tinh khac ctanang lwong. Boéla trong
khi cac dang nang lvgng khac co thé bién hoan toan thanhnhiét thi nhiét lai chi
c6 thé bién mo6t phan thanh céc dang nang lvgng khéc.

Nghién ctru nguyén ly thi Il cho phép rdt ra mot sé ham s8"trang thai lam
tiéu chudn dé xét doan mot phan (ng nhat dinh co6 thé ty xay ra khong.

Phat biéu:

e Nhiét khéng thé tw truyén tlr mot vat lanh .

A AL . QIT,
sang mot vat nong hon. Clausius 1850.

« Khong thé c6 dong co vinh clru loai 2 la dong
co bién hoan toan nhiét nhan duwoc thanh céng (cling
co6 nghta dong co lam viéc ma khong chiu mét sy A
mat mat nhiét nao).

e ToOn tai moOt ham sb6 trang thai goi la
entropy ky hiéu la s ma bién thién cla no6 trong
mot qua trinh thudn nghich AS bang ty s0'gilra Q2I2
nhiét lwong trao doi trong quéa trinh dé va nhiét
do tai dé xay ra sw trao doi nhiét. NghTa la:

As =
T (3.4)
Daoi vai qué trinh khdng thuan nghich:
AS > Q kn
- (3.5)

Ta hdy xem xét so d6 modt may nhiét
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Hiéu suét cla may:

n- A-Q ~Q - TI~-TT=X (3.6)
Q Q T, T,

Tw d6 co thé di dén két luan:

- Hiéu sudt cia moét may nhiét khong bao gido dat dwoc 100% vi T2khong khi
nao dat dwoc gia tri 0° tuyét doi. Diéu nay cling c6 nghTa khéng thé nao bién hoan
toan nhiét nhan dugc thanh cong (khdng c6 mat mat nhiét nang).

Vi vay biéu thirc (3.6) dwoc goi la biéu thirc ciia nguyén ly I1.

4.2. Khai niém vé entropy

4.2.1. Qua trinh tv dién bién

Cac qua trinh tv dién bién 1a qua trinh tv né c6 kha nidng xay ra ma khong
can tac dong tlr bén ngoai.
Vi du:

Nhom qua trinh A:

- Nué6c chay tir chd cao dén chd thép.

- Khi chuyén tir noi cé ap sudt cao dén noi co ap suat thap.

- Nhiét truyén tir vat néng sang vat lanh.

Trong nhém nay hé mat dan kha nang sinh céng (gidm nang lugng) va chuyén
dan dén trang thai can bang.

Nhom qua trinh B:

- Cuc nuéc da tv chay thanh nuéc.

- Suv khuéch tan vao nhau cta hai khi khac nhau.

- Nhiéu phan &ng phan huy chat cling tv xay ra, vi du: N2 4-* 2N02

Trong nhém nay hé chuyén tr trang thai sap xép co trat ty sang trang thai
kém trat tv hon.

T4t ca cac qua trinh tw dién bién noéi trén déu khong thé tw xay ra theo chiéu
nguoc lai, ching la nhirng quéa trinh bat thuan nghich.

4.2.2. Entropy

Trong cac vi du & nhom A dé dang tim thay tiéu chudn dé qua trinh ty dién
bién. D6 la su chénh léch vé dd cao (Ah), vé ap suét (Ap), va vé nhiét do (AT). Vay
& nhom B tiéu chuén tv dién bién 1a gi? Va tiéu chudn nao co thé ap dung chung
cho cac qua trinh tu dién bién? D6 la bién thién cia mot dai lwong méi s goi la
entropy va ky hiéu la (AS).

V& y nghfa vat ly, entropy la thuéc do méc do hon don cla vat chat: ¢ng voi
trang thai co trat tu (it hon don) s co gia tri nhd, hé & trang thai cang hon don s
c6 gia tri cang lon.
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Trong nhiét dong hoc théng k& nguoi ta lién hé maéc do hon don cta hé véi mot dai
IU'CIZ goi la xac sudt nhiét dong

Theo Boltzmann, entropi co6 quan hé véi w qua hé thic:

S =kInwW

Trong dé: k 12 hang s6 Boltzmann

WIa xac sudt nhiét dong cta hé, biéu thi sd trang thai vi md (ng véi mot trang thai
vi md cla hé.

Vi du: Trang thai vi mé cia mét khdi khi duoc dic trung bang cac théng sd vi mb
nhwp, V. T, n.

Trang thai vi md clia n6 dac trirng bang cac thong sd vi mo cla tirng tiéu phan nhw
dong nang, van téc cla phan tu.

Theo gia thiét ctia Planck, chi & nhiét d6 0 tuyét déi (0°K) thi sb trang thai vi mdé méi
fang 1Qv=1)vas =0.

Vi vay vat chat cang hon don thi sd trang thai vi mé (W) cang lén, entropy cang lon.

Qua trinh tw dién bién c6 xu hudng dua hé tir trang thai co trat tw sang trang
thai mat trat tu cling ¢ nghta la theo chiéu tang entropy (AS > 0).

Do6i voi nhirng qua trinh cé lién quan dén nhiét

AS > gr (3.7)

Q la nhiét lvong ma hé da trao doi trong
qua trinh hé chuyén tir trang thai 1 sang
trang thai 2 con T la nhiét dd tai dé xay ra
s trao doi nhiét.

Dau = dbi véi qua trinh thuan nghich,
dau > doi véi qua trinh bat thuan nghich.

Vi du:
Tinh bién thién entropy cta 1 mol nwéc da néng chdy cham chap (coi la thuén
nghich) & 0°c = 373°K, biét nhiét ndng chady cla nuwéc da la 1436,3 cal/mol.
AS =% =+-436,3 =+ 5,26 cal/mol.K
T 273

Tw biéu thire (3.7) c6 thé rat ra két luan:

Trong mot hé co 1ap (Q = 0) thi mdt qua trinh tw dién bién (b4t thuan nghich)
kém theo sy tang entropy cla hé AS > 0, mdt qua trinh thuadn nghich hay can
bang c6 AS=0

N6i mot cach khac trong mdét hé cd 1ap néu bién thién entropy cla mot qua
trinh c6 gia tri duong thi qua trinh d6 co6 thé ty dién bién, néu bang O thi hé nam
0 trang thai can bang. Nhu vay bién thién entropy la mot tiéu chudn dé xét doan
mot qua trinh ¢ ty xay ra khong trong hé cb lap.
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4.3. Nang lwvong ty do va tiéu chuan tw dién bién ciia mot quéa trinh

T hai nhdm qua trinh ty dién bién noi trén ta thdy co hai khuynh huéng:

- Hé gidi phong nang lvong (AH< 0) va dat t¢i trang thai bén virng hon.

—H&@é tlr trang thai co trat tuw chuyén dén trang thai vo trat tv (AS > 0).

Nhu vay ca hai yéu t6"enthalpy va entropy quyét dinh khuynh huéng tv dién
bién clla mdt qua trinh nhét dinh. Dé xét doan mot qua trinh cé thé ty xay ra hay
khong can phai danh gia dong thoi hai yéu té trén.

NEu mot qua trinh nao dé c6 AH< 0 va AS > 0 thi chac chan Ia mot qua trinh
tw dién bién. Tuy nhién diéu gi sé xdy ra néu mot qua trinh khéng dong thoi thod
man hai tiéu chuén ti'‘én va khi d6 thi tiéu chudn nao cho phép danh gia chiéu
huéng tu dién bién.

Giai phap nay duoc thuc hién khi st dung mot ham trang thai méi bao gom ca
hai y&u td noi trén. D6 1a thé dang ap déng nhiét hay ning lwong tw do, ky hiéu G.

G=H- TS

Bién thién nang lvong tv do khi hé chuyén tr mot trang thai nay sang mot

trang thai khac duoc xac dinh bang biéu thic:
AG = AH - TAS

Nhuv vay AG la nang lugng lién quan voi bién thién ndang lugng toan phan cua
hé AH triv di nang lvong lam tang do hon don cia hé Q = TAS. Néi mot cach khéac
dé la nang lvong duoc gidi phdng bdi hé va cé thé thuc hién cong co ich.

Vi rang mot hé bat ky ludn luén c6 xu hwéng giam nang lvgng va sinh cong
nén mot qua trinh sé ty dién bién khi AG < 0. Khi AG = 0 hé dat dén trang thai
can bang,

T biéu thirc nguyén ly I: AU = Q + A' —PAV
Tw nguyén ly Il ta co: Q =TAS
Tw do: A' = AU + PAV - TAS

=u2- U1l+PV2- PV1- TS2- TSj
= (v2+ PV2- TS2- (v, + PV, - TSj)
= (Hz2- TS~) - (Hj - TSJ
NEu thay H —TS = G ta co:
A —G2—G1= AG —bH —TAS
Tl biéu thtc G = H - TS ta thay nang lvong twdo la motphannang  lwong
toan phan cta hé, phan doé trong bién ddi co thé sinhcong c6 ich(A’= AG), phéan
con lai (TAS = Q) khong thé sinh cong, ton tai dudi dang nhiét, lam ting do hon
loan cla hé.
Nhu vay dé xem xét mot qua trinh c6 thé ty xady ra khoéng ta phai xac dinh AG.
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BANG 3.4. TAC BONG CUA CAC YEU T6 ENTHALPY VA ENTROPY
LEN CHIEU HUONG DIEN BIEN CUA MOT PHAN UNG

AH AS AG Két luan Vi du
1 - + - Ty xay ra 203 —=302
2 + - + Khong tw xay ra 302* 203
3 - - o t° thap Tw xay ra & t° thap 02 + 2H2 -> HD
4 + + ot° cao Tw xay ra & t° cao CaC0s-> CaO + CO02
5 - 0 - Tw xay ra Zn + Cuzt->
6 + 0 + Khéng tw xay ra Cu + Zn2&*
7 0 + - Ty xay ra Khuéch tan 2 khi vao nhau
8 0 - + Khéng tw xay ra Tach riéng hén hop 2 khi

4.4, Cac phuong phap tinh bién thién nang lvgng tv do cila phan &ng
4.4.1. Tinh theo bién thién enthalpy va entropy
AG° = AH° - TAS®
ky hiéu dé chi cac gia tri lay & diéu kién tiéu chuan (T = 298°K, p = latm)

AH° bang hiéu (ng nhiét cia phan ¢ng & diéu kién tiéu chudn, co thé tinh
dwoc dua vao nhiét sinh hay nhiét chay cla cac chat (bang 1.1 va 1.2).

AS° la bién thién entropy cla phan (*ng, c6 thé tinh duoc qua cac gia tri
entropy chuén cla cac chat s° (bang 1.1). Vi s la ham trang thai nén:

AS°w = 2S°p- is°g
Vidu 1:
Cho phéan @ng CaCo03r) = Cal(r) + C02k)
Biét AH° (kcal/mol) -288,5 -151.,9 -94,0
s° (cal/mol) 22,2 9,5 51,1

Hay - Xé&c dinh chiéu tv xay ra cGa phan ng & diéu kién chuan.
- Xac dinh nhiét do tai d6 CaC03béat dau bi phan huy.

Giai: AG°plr= AHp-T A SV
AH°pr=-151,9 - 94,0 + 288,5 = 42,6 kcal/mol
AS°pr= 51,1 + 9,5 - 22,2 = 38,4 cal/mol
AG°plr=42,6. 103- 298. 38,4 = 33.156,8 cal/mol >0

Vay phan ¢ng thuan c6 AG° > 0, tirc la phan &ng phan huy CaCOg khdng xay
ra & diéu kién chuan.

Phan (ng nay chi xay ra ¢ nhiét dé T khi:
AG pur=AHtpu- T AS pu<O0
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tirc la khi T AS*> AHM

? > Kst
Néu bd qua anh huwdéng cua nhiét do dén hiéu (ng nhiét va bién thién entropy
cla phan ng tlrc la coi AHN « AH”N va AS™r » ASphr ta co:

T> 426 10 = 1109,4° K» 836° C
38,4

Vi du 2:
Tinh bién thién ndang lvgng ty do cta phan &ng:
DL leucin + glycin —»leucylglycin + HD

Biét AH’S -154,2 -126,7 -207,1 -68,3
s° 49,5 21,6 67,2 16,7
Gii: AHM = - 207,1- 68,3 - (-154,2 -126,7) = 5,4 kcal/mol

AS™y = 67,2 + 16,7 -(49,5 + 26,1) = 8,3 cal/mol
AG°MJ = 5400 - 298. 8,3 = 2920 cal/mol >0
Vay 0 diéu kién tiéu chuan phan &ng khong ty xay ra.

4.4£. Tinh theo bién thién nang lvong tw do sinh cla cac chat AG®s

Hién nay ngudi ta da tinh duoc nang luvong ty do sinh cla nhiéu chat. Tl cac
sO liéu nay co6 thé tinh bién thién nang lvong tw do clia phan &¥ng twvong ty nhuw
tinh hiéu &ng nhiét cta phan tng khi biét AHg cla cac chéat trong phan &ng.

AGp/u — X A Ss (g"npham) - E ASg (tham gia)

Vi du:

Tinh bién thién nang lvong tv do chuan (AGQ cla phan &ng:

fumarat + HZD — malat

Biét ASg 144.4 56,7 202,0 kcal/mol

Giai: AG"r = 202,0 - (144,4 + 56,7) =- 0,88 kcal/mol

e Tinh theo théoxy - ho& kh tiéu chuéan

Bién thién nang lvong tv do chudn clia m6t phan ng oxy hoa khit lién quan
véi sudt dién dong tiéu chudn E° cla nguyén td' Ganvanic trong dé xay ra phan
rng d6 bang biéu thic:

AG°=-nFE° (xem phan dién hoa hoc)
Trong doé n: SO electron trao ddi trong phan Gng

E°: Suat dién dong tiéu chuan =eP(+) - & (-)

F: S6 Faraday bang 23.061 calo/dlg
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Vi du:
Tinh ACt°cla phan (*rng xay ra trong chudi hd hdp té bao vai sy tham gia cla
cac coenzym cytochrom (cyt):
cyt C(Fe2) + cyt f (Fe3) -> cyt C(Fe3t + cyt f (Fe2
Twbangtacéo Euw=0,11V n=1
Vay AG°=- Ix 23061 X0,11 =- 2540 calo/mol

4.4.3. Tinh theo hang s& can bang ctia phan (ng
Bién thién nang lwong tv do tiéu chudn cia mot phan (ng lién quan voi hang
sO0 can bang K cla né qua biéu thic:
AG° = —2,303RT IgK
Trong dé T: Nhiét d6 tiéu chuan
R: Hang sdkhi ly twéngbang1,987 calo/mol.K

Vi du:
Tinh AG° clia mot tl'ong nhitng giai doan trao ddi glycogen:
(su transphosphoryl hod)
glucose -1- phosphat = glucose - 6 - phosphat

Bang phuong phap hoa hoc nguoi ta dd xac dinh dugc rang & pH = 7 va 25°c
néu ndong dd ban dau cla G-1-P hay G-6-P 1a 0,02 M thi ndng dd luc can bang
twvong rng la 0.001 va 0,019 M.

T do
k _[G-6-P] 0,019 19
[G-1-P] 0,001
Vay AG® = - 2,303. 1,987. Ig 19 =- 1745calo/ mol

Nghta la & diéu kién tiéu chuén, qua trinh transphosphoryl hoa la ty dién bién.

4.4.4. Tinh toan dva vao bién thién nang lvong tw do clla cac phan (ng ndi tiép
Nguoi ta co thé tinh dwgc bién thién nang luong tv do cla mdt phdn ng duwa
trén tinh chat cong cla nang lvong ty do.
Néu c6 mot s6' phdn (rng noi tiép véi cac AG° tvong (rng:

A -» B AG(
B -> C AG"
C -> D AG(
thi bién thién nang lvong ty do cGa phan &ng tong cong
A -> D
AG°pu.__ = AG( + AG( + AG?I
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Vi du:
Xac dinh bién thién ndang lvgng ty do AGMp cla phan ¢ng:

ATP + HD — ADP +p
Biét: ATP + glucose —»ADP + glucose- 6-P
Kj =661 AG°=- 4,0 kcal/mol
glucose-6-P + HD —»glucose + p
K2= 171 AG°® =-3,3 kcal/mol
Tw do AG°tp = AG*+ AG°= -4,0 - 3,3 =- 7,3 kcal/mol

4.5. Sy phu thuoc cta bién thién nang lwvgng tw do vao néng do

Céc gia tri AG® twong (ng voi ndng do chuan la IM. Bién thién nang luvong tw do
trong diéu kién khac voi ndng do chudn duoc tinh bang biéu thirc:
NEu c6phan (ng: A + B—»c + D thi
AG=AG+RTIn-c - —
[Al[B]
O diéu kién can bang ta c6 AG =0. Tir do
AG°=- RTIn2"4Z¢ =- RTIn Kc
[AT'[B]
Thay gia tri cia AG® vao biéu thirc ta duoc:

AG=- RT InKc + RT In E:]JED]J
[AI[B]

Tl biéu thirc nay, khi da xac dinh duwoc AG® ta c6 thé tinh bién thién AG cla mot
phan (ng & nhitng ndng do bat ky. Vi du qua tinh toan hodc bang thuc nghiém in vitro
xac dinh AG° ta cd thé tinh bién thién AG & diéu kién in vivo.

Vi du:
Phan (rng thuy phan ATP thanh ADP & diéu kién tiéu chuan:
ATP + HD — ADP +p
IM IM IM

co6 AG®° =-7000 cal/mol. Tinh AG cta phan (tng & diéu kién sinh ly.

Nguoi ta da xac dinh duogc trong co thé [ATP] ~[ADP] [P] * 10~2- 103V

TU do:

AG=AG +RT In
[ATP]
AG =- 7000 +RT In [P] c6 gia tri tlr 9800 - 11000 cal/mol

4.6. Thé chuyén nhom - Céc hop chat giau nang lwvong (cao nang)

Cling nhu nhirng phan-tng hod hoc théng thwrong, icdc phdn (ng cla qud trinh
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trao doi chat trong co thé luén ludn kém theo mot bién thién ndang lwong twy do
(AG hay AG°).

Cac nha hoéa sinh thvong quan tdm dén nhitng phan Gng c6 bién thién nang
lvgng tv do am (AG hay AG°< 0) v6i y nghia day la phan nang lwvgng ma co thé c6
thé dung dé thuc hién cong cé ich nhw cac qua trinh sinh tdng hop, van chuyén
ion, co co, thuc hién cac sung dién cla té bao than kinh...

Nguoi ta thwong s dung danh tlr thé chuyén nhom dé chi bién thién
nane lvgng ty do cla phan &ng chuyén mot nhém nhat dinh tr mot phan to
chdt nay (chat cho) sang mot chat khac (chat nhan) thwong la nwéc. Nhu vay
the chuyén nhom theo mot nghfa hep chinh la bién thién nang lwong ty do cla
phdn tng thuy phan mét hop chét sinh hoc (chinh xac hon la thuy phan moét
lién Kkét).

Vi du. phadn *ng thuy phan ATP trong diéu kién co thé:

ATP + HD  ADP + HP 04
AG° = -7,3 kcal/mol duoc goi la thé chuyén nhém phosphat ctiia ATP.
Phan tng thuy phan acetyl CoA:
P,
CH3 C~S-CoA + HXD -> CHgCOOH + HS- CoA
AGO= —8,2 kcal/mol la thé chuyén nhém acetyl cla acetyl CoA sang nuéc.

BANG 3.5. THE CHUYEN nhém cia mot sd HOP CHAT

Hop chéat AG° kcal/mol Hop chét AG° kcal/mol
creatinphosphat -10,3 glucose-1-phosphat -5,0
acetyl-S-CoA -8,2 glucose-6-phosphat -3,3
argininphosphat -7,7 alanylglycin -4.1
ATP -7,3 acetyl cholin -3,2

Nhirng hop chat c6 AG°> —6 kcal/mol thuong dwoc goi la nhirng hop chat giau
nang lwgng (hay hop chat cao nang). Trong céng thic cdu tao cua cac hop chat
nay, lién két tai dé xay ra su thuy phan dwoc ky hiéu bang d&u

Vi du phéan t& ATP: Adenosin -P ~p ~p

acetyl-S-CoA: cHsco0 ~ S-CoA

Cac phan (ng thuy phan cula cac chat cao nang thwong déng vai tro "kém"
nhirng phan (ng doi hoéi nang lwong theo co ché phadn (ng lién hop rat pho bién
trong co thé.
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CAU HOI Ty LUONG GIA

3.1. Thé nao la ndi nang clia mot hé? Noi nang phu thudc vao nhitng yéu t6 nao?

3.2. NOi dung va biéu thirc ctia nguyén ly thr nhat cla nhiét déng hoc.

3.3. Hiéu (ng nhiét cta phan ¢ng. Phat biéu dinh luat Hess vé hiéu (rng nhiét
clia phadn (ng. Tai sao noi dinh luat Hess la hé qua cda nguyén ly thi*r nhéat
cla nhiét dong hoc.

3.4. Binh nghia nhiét sinh, nhiét chay cla mot chat. Céng thic tinh hiéu (¢ng
nhiét cia phan &ng dwa vao nhiét sinh, nhiét chay.

3.5. Binh nghTa nhiét nguyén tr hoa cla mot chat. Nang lwgng lién két la gi?
Chung c6 quan hé véi nhau nhu thé nao?

3.6. Tinh AH" cla Ca(OH)2biét hiéu rng nhiét ctia phan &ng:

CaO + HD — Ca(OH)2
AH =-15.26 kcal/mol
AHS cua CaO va HX twong ¢*ng la: -151,8 va -68,3 kcal/mol.
3.7. Khi dét chay 1 mol glucose thdy thoat ra 673 kcal. Tinh AH" cua glucose
biét AH° cla C02va H,0 twong (*ng la: -94,1 va -68,3 kcal/mol.
3.8. Tinh hiéu (ng nhiét cla phan ng: CH4+ H2= CH6biét nang lwgng lién két
Eh h= 104; Ecx = 147; Ec ¢ = 83; ECH= 98,8 kcal/mol.
3.9. N6i dung va cach phat biéu nguyén ly thv Il cla nhiét dong hoc. Entropy la
0i? Y nghfa cia ham s& nay.
3.10. N&ng lvong ty do l1a gi? Dua vao n6 khi nao mét phan ¢ng tuw dién bién?
3.11. Tac dong cla cac yéu t8 enthalpy va entropy lén chiéu hudng dién bién cla
mot phan tng.
3.12. Céc phan (*ng sau day co6 xay ra khong & diéu kién tiéu chuan?

a) 302-* 203 AH >0
b) CaH6(h) + 5 02(k) =6C02+ 3 HXD AH =-718,6 kcal/mol.
c) CaCO3(r) CaO (n+ C02 AH = 42,6 kcal/mol.
d) S0ZK) + -20 2— S03K) AH =-23,7 kcal/mol.

3.13. Phan (*ng sau day xay ra theo chiéu nao & diéu kién tiéu chuan?
H2S(k) +i 02—=H2D(h) +s (1)

Biét AH° - 48 -57,8 kcal/mol.
s °28 49,1 49,0 45,1 7.6 cal/mol.K

4 HOENGOG
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3.14. Cho phan tng:

NHLOCONH2 — C02+ 2NHS3
Bi€t AHs3DK -154,4 -94,1 - 11,0 kcal/mol.
AGSIK -109,6 -94,4 -3,98 kcal/mol.

Hoi: & diéu kién nay (300°K) phan rng xay ra theo chiéu nao? & nhiét dd nao
thi phan ¢ng dién ra theo chiéu nguoc lai?
3.15. Cho phén ng:

CH4 + H2(h) — CZHBH(h)
Biét AGS 16,3 -54.6 -40,3 kcal/mol
S °ZB 52,5 45,1 54,5 cal/mol.K

Hoi: @ 25°c phan (*ng dién ra theo chiéu nao? Toa nhiét hay thu nhiét.

3.16. Néu mot vai phuong phap xac dinh bién thién nang lwgng ty do cla phan
trng. Thé chuyén nhém la gi? Boi voi nhirng hop chat sinh hoc thi thé chuyén
nhém dugc quy wéc nhuw thé nao? Hay cho biét y nghta cla bang thé chuyén
nhém. Thé nao la lién két giau nang luvong (lién két c6 nang lvong cao).



Bai 4

PONG HOA HOQOC

MUC TIEU

1. Phat biéu va giai thich biéu thrc cia dinh luat tac dung khoi lwgng vé anh
huéng cla ndng dd dén td'c do phan ng.

2. Thiét lap dwoc phuong trinh déng hoc clla mot s6'phan (ng don giadn c6 bac khac
nhau.

3. Trinh bay dwoc nhirng quy luat vé &nh huéng cla nhiét dd dén toc dé phan ng.

4. Trinh bay dwoc co ché chung va giai thich dwoc vai tro cla chat xuc tac trong
pha&n (*ng hoa hoc.

5. Van dung duwgc nguyén ly Le Chatelier dé dv doan chiéu chuyén dich clia mot
cin bang khi co tac dong clia mot sGyéu to.

6. Phan biét va viét duoc so d6 cla mot sé phan ng phiic tap.

Mo DAU

Bong hoa hoc nghién clru vé téc do6 cla cac phan &ng hoa hoc va cac yéu to"
anh hudng dén téc do nhu: nong doé chat phan &ng, nhiét do, chat xdc tac. Trén cd
s6 d6 cho phép tim hiéu vé co ché cla cac phan @ng.

1. MOT s6 KHAI NIEM

I.I.T6c d6 phan rng
NEu ta c6 phan (rng hoa hoc:
A-»B
Téc do trung binh cta phan (¢ng duoc xac dinh bang bién thién ndng dd cla
chat tham gia hay chéat san pham cla phan ng trong mot don vi thoi gian.
_ _[B]2- [B], A[B]_d[B]
t,- 12 At dt
T6c do tirc thoi duoc tinh bang dao ham bac nhét cia ndng do theo thoi gian

= i ABL_
*-Q-—At dt
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_dIA]
dt
Véi phan ting:  aA + bB —*pP
dé tdic d6 phan ng la don gia, Vduoc tinh theo biéu thic:
d[A] d[B] d[P]
adt  bdt pdt

hay

1.2. Phan rng don gian va phan rng phirc tap

Phan ng don gian la phan rng chi dién ra qua mot giai doan (mot twong tac)

Vi du:
CHg-N =N - CHg-> CHs-CHz+ N2 (1)
H2+12 ->2HI )
2NO +02 > 2N02 ©)

Moi phéan &ng trén dwoc goi 1a mot phan ng co so.
Phan &¢ng phirc tap la phan ng dién ra qua mot sé giai doan (gobm nhiéu
phan &ng co so).

Vi du:
2NO + 2H2 -> N2+ 2HD )
Phan ¢ng nay dién ra qua mot sd giai doan sau day:
2NO <N 2
n202+h2 ->n2+h20D2
H2 2+ H2 —» 2HD

Nhitng phan (*ng cé hé sd'trong phwong trinh Ién thedng la nhitng phan ¢ng
phtrc tap Vi xac sudt dé nhiéu phan t¢r dong thoi va cham vao nhaularat nho.
Tuy nhién cling can luvu y la cd nhitng phan &¢ng nhin bé ngoai twéngladongian
nhwng thuc té lai 1a phdn Gng phttc tap nghia la gébm nhiéu phan &ng co so.

Vi du:
N2 5 > 2N02+ 1/202 (5)
CO + CI2 -> COCI2 (6)

Toan bd cac phan (ng co s dién ra trong mot phan (ng phtc tap thé hién co

ché cla phan ng.

2. ANH HUONG CUA NONG DO PEN Toc PO PHAN UNG

2.1. Binh luat tac dung khoi lvgng

Xuét phat tr quan diém. cho.ring. muén.cd phan ¥*ng xay ra thi cac phan td
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hay nguyén tlr phan (ng phai va cham vao nhau, vi vy néu s6'va cham cang Ién
thi toc do phadn (rng cang 16n ma s6 va cham lai phu thudc vao nong do.
Vao nhirng nam 1864 - 1867 Gulberg, Waager (Guynbec va Oago) nguoi Na
Uy d& néu ra mét dinh luat c6 ndi dung nhuv sau:
"o mot nhiét d0 khong déi toc dé phan (ng ty 1é thuan véi tich s6'ndng do cac
chat tham gia phan &ng véi nhitng Iuy thira xac dinh™
Néu c6 phan (rng:
aA + bB -» pP
thi theo dinh luat ta co:
V=k [A]m[B]n 4.1)
Céac luy thira m, n dugc xac dinh bang con duong thuc nghiém. Trong tredng
hop phan (*ng don gidn n6 trang vai hé sé cia A va B trong phuong trinh hoé hoc.

Vi du:
D6i voi cac phan tng (1) (2) (3) 6 trén ta co:
V=Kk, [CHENJ
v = k2HIA[13

V = k3[NO]2[0J
con doéi voi phan trng phirc tap thi cac s6 mi cla nong do co6 thé khong trung véi
hé s8'cta phwong trinh hoa hoc. Vi du d6i v6i cac phan tng (4) va (6) bang thuc
nghiém nguoi ta da thiét lap duoc phuong trinh sau:
V= k3[NO] [HJ
V—k [COHCI.J32
Trong phuwong trinh cla dinh luat tac dung khéi lvgng (phwong trinh 4.1):
[A], [B]: ndng dd chdt A va B tinh b&ng molli.
k: hang sdtéc do phan (ng. Néu [A] = 1, [B] = 1 khi d6 V= k.
Nhuv vay k chinh la téc dd ctia phan ng khi néng dd cac chat phan tng la 1
don vi. VT vay k con duoc goi la téc do riéng ciia phan @¢ng.
Gia tri cha k khong phu thuéc vao néng do, chi phu thudc vao nhiét dé va ban
chét cla cac chat phan ng.

2.2. Bac va phan tr s6 cila phan &rng
Trong dong hoa hoc cac phan ng dwoc phan loai theo bac va phan tr s6’
*Bac phén ng
Bac phan (ng la tong cac s6' mi clia nong do viét trong biéu thic clha dinh
luat tdc dung khoi lvgng, tke-ta-bang-m-+n.
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Vi du: :

Céac phan &ng (1), (2), (3), (4), (6) twvong trng la cac phan (*ng bac 1, 2, 3, 3 va 5/2.

Nhu vay bac phan rng cé thé la so"nguyén nhwng cling cé thé la phan so6:

e Phan tlr s6 cia phan ng

Su phan loai phadn (ng theo phan tl s6 lién quan trwc ti€p véi co ché thuc cla
phan ng. N6 dugc xac dinh bang so'ti€u phan (phan tlr, nguyén tlr hay ion) dong
thoi twong tac véi nhau trong mot phan (ng don gian. Vi vay phan tl s6'chi co thé
la s6 nguyén. i
Vidu:

Trong phan &ng:

CH3- N=N- CH3->CH3 CH3+ N2
tham gia vao tuong tac chi c6 moét phan tl. Vi vay phan &ng cé phan tlr s6 la mot
hay phan &rng don phéan to.

Trong phan ng: H2+ 12—*2H1 dé tao thanh sdn phdm hai phan ti H2va 12phai
dong thoi tham gia vao mot twong tac vi vay phan (ng duoc coi la phan tir so' bang
hai hay phan ¢ng luvdng phan tir. Nhitng phan rng c6 phan tir sd"bang 3 hay cao hon
thwong it gap vi xac suat dé dong thoi 3 phan tl phan (ng véi nhau rat nho.

Can lvu y rang trong nhitng phan ¢ng don gian thi bac phan (ng thuong
trung voi phan tir sé.

3. PHUONG TRINH BONG HOC CUA CAC PHAN UNG

e Phrong trinh mé td quan hé dinh lvgng gilra néng dd cac chat phan &rng va
thoi gian. Dwa vao phuong trinh déng hoc c¢6 thé xac dinh dwgc mot s6’thong so
quan trong nhw hang so'téc dd phan ¢ng, bac phan ng, chu ky nita phan huy...

3.1. Phan &rng bac 1

Phan *ng bac 1 c6 dang tong quat:

Vi du:
h22 — h2D+-—-02

Th-» Ra + He
Theo dinh nghta téc dd va dinh luat tac dung khoi lvong ta cé:

- At do:
Y -
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Gidi phwong trinh vi phan nay ta dugc:
- In [A] + In [Ao] = kx
hay In [A] =- kjt +In [AQ] (4.2)
[A]: nong d6 chat A tai thoi diém t
[AJ: ndng dO ban dau cda chat A In[AJ
(khit=0)
Phuong trinh (4.2) dwoc biéu dién trén
dd thi 1a mot duong thdng tao voi truc
hoanh mot goc a co tga = kj (hinh 4.1)
Phuwong trinh (2.2) con viét duéi dang:
Hinh 4.1. P thi phan tng bac 1
k, = -tl n [/,\A]I (4.3)
Hang s6 tdc do phan rng bac mot c6 thé nguyén thoi gian 1
Goi t12la thoi gian dé nong do ban dau con lai mot nira, tiec la khi:

[A] = 2—[AJ thay gia tri nay vao phvong trinh (4.3) ta co:

ki =——n—alQQ 11p=102 %)
2 [A] » K,

Nhu vay thoi gian ban huy ctaphan ¢ng bac moét khéng phu thudéc vao néng
doé ban dau.

Cac phuong trinh (4.2), (4.3) va (4.4) la cac phuong trinh dac trung cho phan
t’ng bac mot.

Vi du:

Phan tng bac 1 & 50°c c6 kx= 0,071 min-1. Hdi sau bao lau néng d6é ban dau
[AJ = 0,01 mol/l gidm di 10 lan.

Giai:
1 n[AJ _ 2,303, 0,01

In=——=--—1g = 32,4 min.
K, [A] 0,071 0,001

t=

3.2. Phan &rng béac 2

Phan (*ng bac 2 cé cac dang: 2A — p
A+B > p
K,
* Dang: 2A.—.p
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Vi du:
203 302
2C4H6 ceh 12

V—  =k2[A]5
dt

-4c£ItJ:k,dt

Giai phudng trinh vi phan trén ta dugc:

. E (45)

[Al [AQ]
1

2 [A] [AJY

Phuong trinh (4.5) dwoc biéu dién trén
ddo thi la mot duong thdng tao voi truc
hoanh mot goc a co tga = k2(hinh 4.2)

Hang so'téc dd phan ¢ng bac hai co thi
nguyén lit.mol-1 trl

Khit=tm [A] =i [A]] ta co:

hay (4.6)

1
t2- C2A] (4.7)

Nhuv vay d6i voi phan (rng bac 2, t12phu
thudc vao ndng dd ban dau clta chat phan tng.

Céc phuong trinh (4.5), (4.6) va (4.7) la
cac dang phuong trinh déng hoc cla phan Hinh 4.2. B6 thi phan (ng bac 2
rng bac 2. dang 2A -> p

» Dang A+Bl p
Vi du:

CH3COOC2H5+ NaOH-» CH3COONa + CH50H
Néu [Ad] = [BQ thi tai moi thoi diém [A] = [B]. Vi vay:

V=-n 1 =k2[A] [Bl = k2[AJ2

va do d6 c6 thé ap dung cac phuong trinh (4.5), (4.6) va (4.7)
Néu [Ad*[BQ

V= =k2[A] [B] tir d6 - [—A{A[]B] = kadt

Gidi phvwong trinh vi phéan trén ta duoc:

K2t = 1 uip [BollA] (4.8)
[AQ-[BO] [AQ-[B]
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Phuong trinh (4.8) dwoc biéu dién trén dd thi 12 mot duong thdng tao véi truc
hoanh mdt goc a cé tga = k, [Ag] - [BQ (hinh 4.3)

[BA[A]

Hinh 4.3. B06 thi phan (rng bac 2 dang A + B -> p v&i [AQ * [B(
Vidu:
Phan ng thuy phan acetat ethyl bang NaOH & 10°c c6 hang so' tdc do phan
tng k, = 2,38 lit.mol-1. min-1. Tinh th¢i gian can dé xa phong hoa 50% lwong ester
khi tron 1 lit dung dich ester 0,05M voi:
a) 11it NaOH 0,05M.
b) 1 lit NaOH 0,1M.
Gidi: a) Ta co: [Ao] = 0,025M; [BQ = 0,025M
[A] = [B] = 0.0125M
Thay cac gia tri cta [Ao] va [A] vao phuong trinh (4.6) ta duoc:
1
"7 2,38 00125 0,025
b) Ta cé: [AJ = 0,025M; [Bo] = 0,05M
[A] = 0,0125M; [B] = 0,0375M.
Thay cac gia tri cta [Ao], [A] va [BQ, [B] vao phwvong trinh (4.8) ta duoc:
t=6min 49 s

)= 16,8 min = 16 min 48

3.3. Phan &rng bac 3
Cac phan &ng bac 3 cé dang: 3A k3 p
2A+B-» p
A+ B+ C-x p
Xét trvong hop don gidn nhat.
V=ovs _dIAl k3[A]J
dt A

Giai phuong trinh vi phan ta duoc:
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L okt+m! (4.9)
[A]2 [A,]2
Phuong trinh (4.9) dwoc biéu dién trén
dd thi la mot dudng thdng tao voi truc
hoanh mot goéc a co tga = 2kg (hinh 4.4)

3.4. Phan &rng bac 0
kO
A — p
Toéc d6 phan &¢ng khdng phu thudc vao
nong do cla chat phan @ng.

v — —d[Al =k({A]°=kO Hinh 4.4. P06 thj phan tng bac 3
dt dang 3A -» p
Giai phuong trinh vi phéan trén ta duoc:
[A] = —kOt + [Aq] (4.10)
Phwong trinh (4.10) dugc biéu dién
trén do thi 1a mot dwong thang tao voi truc [A0]

hoanh mot géc a co6 tga = —kO(hinh 4.5)

3.5. Phwong trinh tdc do cla phan (rng enzym tga = -k0
Phuwong trinh téc dd cla cac phadn (ng
nay coé dang dac biét:
v _ k2[E]O[S] Hinh 4.5. B6 thi phan (ng bac 0

4.11
k m+ [S] ( )

Trong d6 [S] 1a ndng dd chat phan (ng, [E]0la ndng do enzym, KMIa hang s6.
Trong cac phan ng enzym nguoi ta khéng st dung khai niém bac phan tng vi
ching la nhirng phan &ng phttc tap (xem phan 8).

3.6. Phuong phap xac dinh bac va hang sé téc dd cta phan ¢ng

Béang thwc nghiém nguwoi ta theo déi sy thay d6i nong do cac chdt phan (rng
theo thi gian sau dé x ly cac s6 liéu theo hai phwong phap.
3.6.1. Phwong phap do thi

Xay dung do thi twong (¢ng véi cac phdn Gng bac khac nhau. D6 thi nao cho
dang dudng th&ng thi bac phan (ng sé 1a bac tvong (ng véi dd thi d6 va trén dd
thi c6 thé xac dinh duoc hang so' tdic do cta phan ¢ng.

3.6.2. Phvong phap thay thé

Thay thé céac so liéu thuc nghiém vao cac phwong trinh déng hoc cua cac phan
rng c6 bac khac nhau. K&t qua ta thu dwoc mot s6 gia tri clia hang s6 téc do. Néu
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cac gia tri nay to ra la hang dinh thi bac phan ng sé& la bac twong (ng Voi
phvong trinh do.

Vidu:
Phan tng phan huy H2 2theo phwong trinh:
2H.,0., = 2H.,0 + 0, bédng thuc nghiém thu dwoc cac s6 liéu sau:

Thdi gian phan &rng (mtn) 0 11,5 27,1 42,5
Néng d6 [H20J (mM) 23,89 19.30 14,50 10,55

k, theo (4.3) (min-1) 1.86.10-2 1.84.10-2 1.92.10-2
k2(4.6) (mirrVmM-1.!) 8,70.10" 1.00.10-3 1.20.10-3

Hay xac dinh bac va hang sd tdc do clia phan ¢ng trén.
Giai: Xay dwng do thi In[H,0J - t ta dugc

mot duong thadng (hinh 4.6) vi vy phan tng

la bac nhat. Tk tang clha géc tao boi duong

thdng va truc hoanh tinh duwoc kj.
Mat khac néu lan luot thay cac s0'liéu &

bang vao phuong trinh:

t [H)0,]
Céc gia tri cua kj thu dwgc & bang trén Hinh 4.6. Db thi phan ¢ng bac 1
cho thdy la hang dinh. Vay phan &ng phan st phan huy HD 2

huy HD 2la phan (*ng bac nhat.

4. ANH HUONG CUA NHIET PO PEN Toc DO PHAN UNG

Nghién cttu anh hwdng cla nhiét dé6 dén téic do phan (ng cho phép tim hiéu
ban chdat clia nhitng twong tac hoa hoc dong thoi tim dwoc ché dd nhiét t6i wu cho
ph&n rng hoa hoc.

Nhiét d6 da anh hudng dén téc d6 phan rng theo nhirng cach khac nhau.

T 1 1 T
a) b) c) d)

Hinh 4.7. Budng biéu dién cac-dang-khac-nhau-anh-hwéng-clia-nhiét dd dén téc dd phan (g
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Dang duwong cong (4.7a) la pho bién doi voi phan (*ng hoéa hoc.

Dang duwong cong (4.7b) thudng gap & nhirng phan &ng cé lién quan dén cac
hop chat sinh hoc nhuw cac protein enzym.Voi cac protein & trang thai ty nhién toc
do tang theo nhiét d6. Nhwng khi dat dén mot nhiét dd nao d6 chidng bi bién tinh,
mat hiéu quda xUc tac va do d6 téc do phan &ng giam.

Dang duwong cong (4.7¢) it gap. NO xay ra trong trwong hop phan ng thuén
nghich ma téc do phan &ng nghich phu thuéc manh vao nhiét do.

Dang duwong cong (4.7d) dac trung cho cac phan ¢ng day chuyén. Tai mot
nhiét do nhat dinh téc do phéat trién mach cuc ky Ién, vi du sw nd.

Nhwng néi chung téc dd cta da s6 phan (ng hoa hoc tang Ién khi tang nhiét
do. Anh hudng nay tuan theo mot s6 quy tic sau day:

4.1. Quy tac Van't Hoff (Van Hop)
"Khi nhiét do ctia phan &ng ting lén 10° thi hang s6 tdc dd phan ¢ng (cling la
tdc d0 phan (ng) tang Ién tlr 2 dén 4 lan"

y=h+tML =2-4
KT

kKTH0 hang s6 tdc do & nhiét do T+10°
kT:-hang s6 tc d6 & nhiét do T
y: dwgc goi la hé s6 nhiét d6 ciia phan (ng
Trong truong hop tong quat biéu thirc ctia dinh luat Van’t Hoff c6 dang:

Y,  KklinliL (4 12)
kT
Vi du:
Mot phan (ng cé hé sb nhiét do Y= 3. Hoéi tang nhiét do Ién 40° thi t6c dd
phadn Gng tdng Ién bao nhiéu lan.
Giai: Theo quy tac Vant Hoff ta co:

ISitML=34= 81
kT

4.2. Biéu thrc Arrehnius (Aréniux)

Anh hwéng cha nhiét do6 dén t6c dd phan ngduoc biéu thimotcach chinh
xac hon va ap dung duwgc trong mot khoadng nhiét do ronghon qua biéu thic
Arrehnius:

E -JL
Ink = _“F_Q_'I_'+B hay k = Ae RT (4.13)
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R: H&ng SOkhi ly tvdng c6 gia tri bang 1,98 cal/mol.K

A: Hang sé hay con goi la thira s6 trwéc lu§ thra. V6i nhitng chat phan ¢ng c6
cdu tric don gidn thi A nhan nhiing gia tri tvong ty nhau. BG6i voi nhitng phéan
(’ng trong do6 chat phan (ng c6 cdu trdc phtc tap, cong kénh vé mat khéng gian
hay phan &ng & nhitng trung tdm hodc nhém chic nhat dinh thi A nhan nhiing
gia tri khac nhau.

E: Hang s6 d6T véi mot phan ¢ng xac dinh, nghia 1a né phu thudc vao ban
chét cla cac chat phan tng. E dugc goi la nang lvgng hoat hoa cla phan &ng.

Tl biéu thic Arrehnius ta thdy khi nhiét do tang téc d6 phan ng ting. Mat
khac phan rng c6 nang lvgng hoat hoa cang 16n sé dién ra voi téc do cang nho.

4.3. Thuyétva cham hoat dong va nang lvong hoat hoa

4.3.1. Thuyét va cham

DE cac nguyén tr hay phan tlr c6 thé phan ng dwoc véi nhau ching phai va
cham vao nhau. Do dé téc dd phan Gng sé tang lén khi s8"va cham (hay tan s8"va
cham) tang.

Thuyét va cham khoéng gidi thich dugc sv khac biét rat lon gitta két qua tinh
toan ly thuyét va cac két qua thwc nghiém.

Vidw

—D0i véi phan tng: 2HI —H2 12
khi [HIl = 1 mol/1 thi s8"va cham tinh duoc la 6.103 va cham/s.cm3nhung thuc té
s6 va cham dan dén phan (rng chi 1a 2.1024 c6 nghta la ct 3.1017 va cham moi c6 1
va cham c6 hiéu qua.

—Phén ¢ng: Br + H2—»HBr + H
hang s6 k2xac dinh dwoc bang thuc nghiém = 10-3 nhwng qua tinh toan ly thuyét
thi k2= 1,5.10" 1/mol.s.

—Theo tinh todn khi nhiét d6 tdng 10° s6'va cham chi tang ~ 2% nghTa la téc
dd chi co thé ting ~ 2% nhwng trong thuc té theo quy tic Van't Hoff toc do phan
tng lai tdng it nhat la 200%. Diéu nay khong thé giai thich dwoc néu chi dva vao
sd va cham don thuan.

4.3.2. Thuyét va cham hoat déng (hay thuyét hoat hod) va nang lvong hoat
hoé

Thuyét nay cho rang khong phai moi va cham, ma chi nhirng va cham cia cac
nguyén tir hay phéan t& hoat dong (goi la cac va cham hoat dong) méi dan dén
phan &ng.

Céac nguyén tir hay phan ti* hoat dong la cac nguyén tir hay phan tir c6 mot
nang lvgng dw da Ién so véi nang. lwong.trung.binh.cia.ching.
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Nang lvong toi thiéu ma mot mol chat phan ng can phai c6 dé chuyén céc
phan tl cia chdng tir trang thai khéng hoat déng tré thanh hoat dong goi la nang
lvong hoat hoa cua phan tng.

k
Nhuv vay theo thuyét hoat hoa phan tng: A+ B p c6thé hinh dung nhu sau:

A+B->A*+B* A AB* ->p

Cac phan tr A va B can phai duoc hoat hoa thanh A* va B* khi d6 tao thanh
hop chat trung gian hoat dong AB* va cudi cling phan huy dé tao ra san pham p.

Nhw vay dé co thé phan ng dwoc véi nhau phan tlr cac chat phan ¢ng duong
nhv phdi vugt qua mét hang rao nang lwong. D6 chinh 1a nang lvong hoat hoa
cla phan &ng (hinh 4.8). Néu ndang lvong hoat hod cang nhé thi téc d6 phan (ng
sé cang lon. Vi vay khi xét khd nang phan &ng nguoi ta thwong dung dai lwgng
nay dé so sanh.

Hinh 4.8. Puong biéu dién bién ddi ning lwgng trong tién trinh phan g
(2) Phan Gng thu nhiét AH > 0; (b) Phan &ng toa nhiét AH <0

Theo thuyét hoat hoa téc dd phan tng ty Ié thuan véi sb6 va cham hoat dong cung la ty

Ié v6i sé nguyén tlr hay phan tl hoat dong, nghfa la néu c6 phan (ng:
A +B ->p

thi v = k [A*].[B*]

Goi: nang lvgng hoat hoa phéan tir clia A va cla B twong ¢ng la EAva EB

nong do cia Ava B twong tng la [A] va [B].

Theo dinh luat phan bd Boltzman ndng do cta cac phan tir A va B ¢o ndng lugng EA
hay Eb ttrc la nbng dd cac phan t&r hoat dong sé la:

ar

iA*] =[AJ. e RT
[B*]=[B] e R
TUr dé: v =k [A*1[B*] =k"e_RT.[A] [B]
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So sanh v@iphwong trinh clia dinh luat tac dung khoTt luvong:

v =k [A][B] ta co:
ea*eb
k =k\ e RT

Goi EA+EB=E la nang lvong hoat hoa ctia phan @ng ta duoc phuong trinh thuc
nghiém cla Arrehnius. O day k' chinh la hing so'A.

k-A.e RT hay Ink =

+B 4.14
T (4.14)

4.3.3. Xac dinh nang luong hoat hoa cia phan rng
Bang thwc nghiém, xac dinh hang s6 téc do clia phan (ng & it nhat hai nhiét
dd khac nhau va T2 Khi do ta co:
InkT= = +Bva Ink[= —" t do
1 RT, 2  RT,
ez RTT2tah (4.15)
Tz'T KT,
Vi du:
Xac dinh nang lvong hoat hoa cla mot phan (ng biét rdang trong khoang
nhiét do tr 17 dén 27°c phan tng c6 hé sé nhiét ddy = 2,8.

Giai: T1=17+ 273 = 290°K
T2=27 + 273 = 300°K.
1 @R 300
E=--- 0 2,303 Ig 2,8 = 17850 cal/mol

Pé xac dinh mot cach chinh xac nidng lvong hoat hoa nguoi ta xac dinh hang
s6 toc do clia phan (ng & mot st*nhiét dd khac nhau réi xay dung do thi Ink ——

(hinh 4.9). T g6c léch cla duong thang véi truc hoanh xac dinh duoc E.

Hinh 4.9. Xac dinh nang lvong hoat hoa bang phwong phap do thi
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5. ANH HUONG CUA XUC TAC PEN T6c DO PHAN UNG

5.1. M0t s6 khai niém vé xuc tac

e Xlc tac la hién tugng lam tang t6c do cla phan Gng khi c6 mat nhirng chat
ddc biét, goi la nhi*tng chat xuc tac, cac chat nay sau khi tham gia vao phan ng
duoc hoan tré lai vé lugng va chat.

Thuwong xuc tac dwgce chia thanh 3 loai:

e XUc tdc dong thé: Cac chat phan (ng va chat xdc tac tao thanh mot pha
dong nhéat khi.

S02+ 02— S03ddng pha khi

CHOOCH5+ HD — CH3COOH + CHBE0OH déng pha léng
Trong xGc tac dong thé phan (rng xay ra trong toan bo thé tich cla hé phan
tng (trong khdng gian ba chiéu), toc dd phan tng ty Ié thuan véi néng dd chat
xac tac.
e Xlc tac di thé: Cac chat phan ng va chét xuc tac tao thanh mot hé di thé
(khéng dong nhat).
Vi du
HD2(1) —2H2 +02 di thé 1ong —ran

CH4 H2- CH6 di thé khi - ré&n
Trong xuc tac di thé phan (ng dién ra trén bé mat chdt xuc tac (trong khong
gian hai chiéu). Téic d6 phan (*ng ty 1€ thuan vo&i bé mat chat xdc tac.
« XUc tac enzym (x0c tdc men)
Vi du:
CeHID 6  zymase 2CHXOH + 2C02
Enzym la cac chat xdc tac sinh hoc, c6é ban chéat protein. Trong xdc tac enzym
cac chat phan ¢rng duoc goi la co chat. Phan (ng gilta enzym va co chét dwoc thuc
hién & trung tdm x0c tac va toiic dd@ phan &¢ng enzym con phu thudc vao cd nong dd
clia enzym.

5.2. Coché va vai tro clia xuc tac
Phan (ng co6 xuc tac thwong dién ra qua nhiéu giai doan trung gian (tao ra
cac hgp chat trung gian):
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A+B C+D

A+ K [AK]*
[AK]* + B [ABK]*
[ABK]* C+D+K

E

Hinh 4.10. Bién déi nang Iwong trong phan ng khong va c6 mat xic tac
Vi du:

Phan (ng thuy phan acetat ethyl c6 xuc tac H+dién ra nhu sau:

0 OH
CH* — + H+ — CH3— C+
\
OC2H5 OC2H5
OH
ch3 — c+ + h20 — CH3COOH + C2H8O+H2
oczh5
C2HBO+H2 —  C2H50H + H

Trong xUc tac di thé cac hop chét trung gian hinh thanh gitra cac nguyén t
trén bé mat xic tac va cac chat phan ng.
Vi du:

Phan &ng hydro hoa hydrocarbon khéng no c6 xuc tac Ni.

7- HOADAICUONG
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rch=ch2 h?2 rch- ch2h.h rch2ch?2 h rch2ch3

A ;o 3c - 1y AL

Giai doan 1: Sy hdp phu cac chat phan (ng 1én bé méat chat xdc tac.

Giai doan 2, 3: Hinh thanh hop chat trung gian va phan (ng trén bé mat xuc tac.

Giai doan 4: Tao thanh san pham phan (ng va tach ra khoi bé mat.

Trong xUc tdc enzym thi gitta chat phadn &ng (co chat) va enzym tao ra cac
phtrc ES.

Nhuv vay sv c6 mat cha chat xic tac lam cho phan (ng dién ra qua mot s6
phdn &ng trung gian cé nang lvong hoat hoa thap hon so v6i phan (¢ng khdng c
xuc tac (hinh 4.10) va do d6 lam tang téc d6 phan ng.

Phan &ng E (kcal/mol)
khéng xuc tac 30-45
xdc tac vo co 15-30
xuc tdc enzym 8-12

Vi du. phdn &ng phan huy hydro peroxyd néu khdéng c6 xdc tac thi doi hdi mot
nang lwgng hoat hoa la 35,96 kcal/mol. Khi c6 xtc tac platin E = 24,02 kcal/mol, con
khi duoc xtc tac bang enzym catalase chi can mot ning lwong hoat hoa 14 kcal/mol.

5.3. MOt s6 dac diém cua xUc tac

- Chat xuc tac khdéng gay ra dwgc phan ng hoa hoc. Biéu nay cé nghta la doi
voi nhitng phan &ng khong c6 khd ndang xay ra vé mat nhiét dong hoc thi khdng
thé c6 chat xuc tac cho no.

—Chét xtc tac khoéng lam thay d6i can bang cta phan ¢ng ma chi lam cho
can bang dat téi nhanh hon, cling c6 nghfa la n6é khdong lam thay doi hiéu suéat
clia phan &ng vi khi lam tang téc d6 phdn &ng thuan bao nhiéu lan thi cling lam
tdng toc dd phan Gng nghich bdy nhiéu lan.

—Chat xdc tac co tinh chon loc. Mot chat xdc tac thwdong chi cé thé xlc tac cho
mot phan (ng hoac mot loai phan (ng nhat dinh. Tinh chon loc thé hién dac biét
ré doi voi cac enzym vi vay nguoi ta thuong noi cdc enzym co tinh dac hiéu cao.

C2H50OH Cu/ CH3CHO
CHB0OH ai"o” cr +HO

- M6t lvgng nhd chat xic tac cé thé xuc tac cho mot lwgng 1én chéat phan (ng.
S& di nhu vay la vi, vé nguyén tac, xtc tac khéng bi thay ddi sau phan @¢ng.
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6. CAN BANG HOA HOC

6.1. Phan ¢ng thuan nghich - Hang sd*can bang

Phan ng thuan nghich Ia phan ¥ng dién ra theo hai chiéu

K
A+B C+D
Vi du:
CH,COOC2H5+ H.,0 CHgCOOH + CH%0H
H2+ 12 = 2HI

T6c do phan ng thuan v, = kj [A] [B]
TOC dd phan (ng nghich vn=k; [C] [D]

Hinh 4.11. Sv phu thudc cla téc dé phan ¢ng thuan nghich vao thoi gian
Trong qua trinh phan Gng, téc d6 phan (ng thuan gidm dan con téc dd phan ng
nghich ting dan. Khi vt = vnnguoi ta ndi phan ¢ng dat t6i trang thai can bang:
kJAI'UB] = k2[C] [D]
Trong d6 [A], [B], [C], [D] la néng dd lic cin bang clia A, B, C, D.
Tw do rat ra:
Moo [T DX (4.16)
k. [Al' [BI
Nhu vay K la ty so gilta tich s6 ndng do cac chat san pham phan (ng va tich
8" nbng do cac chdt tham gia phan ¢ng tai thoi diém can bang va no duoc goi la
hang s6 can bang cla phan @ng.
K la dai luong ddc trwng cho mot can bang, K co6 gia tri cang lon chirng to céan
bang chuyén nhiéu hon theo chiéu thuan.
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Vi du:
& 410°c hang sd*can bang cta phan &ng:
H2 + 12 <> 2 HI Kc = 48
Haéi khi trén 1 mol H2véi 1 mol 12trong binh ¢6 dung tich 1 lit thi néng do ldc
can bang cla cac chéat trong binh la bao nhiéu?
H2 + 12 -> 2 HI

Nong dd ban dau: 1 1
Nong dd luc can bang: 1-x 1-X 2X
Kc=Ti ML = - M — = 48

[HJI [1J 1 - X2
Giai phvong trinh ta dwoc: X=[HZ = [I13 = 0,766 mol/l1
[HI] = 2x = 1,552 mol/1
Ky hiéu: Kc khi hang s3'can bang dwoc biéu thi qua ndng do cac chét.
Kp khi hang so'can bang duoc biéu thi qua ap suét riéng cla cac chét khi.
Khi do: kp = ZcZd. (4.17)
PaAPB

Trong d6 P'A pb> p'c P'dla ap suét lic can béang cta A, B, ¢, D trong hé.
Doi v6i phan ng khi thi gita Kc va Kp c6 méi lién hé nhu sau:

Kp = Kc (RT)An (4.18)
Trong do: R la hang s6 khi bang 0,082 Iit at/mol.K

T la nhiét do tuyét doi

An =1 s3'mol san pham —£ s6 mol chdt tham gia
Poi vGi can bang di thé thi pha ngung tu s& khong c6 mat trong biu thic vi

du can bang sau day:

C(r) + HD(h) CO(K) + H2K)

Kc=1 hay Kp =
[HD] Pa.Pb
6.2. Nguyén ly chuyén dich can bang (Le Chatelier - Lo Satolié)
"Khi mot trong nhitng diéu kién tén tai cla can bang nhuw: ndbng do, nhiét do,
ap sudt bi thay d6i thi can bang sé chuyén dich theo chiéu chdng lai tac dung thay
doi do".
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Vidu 1:
FeClg + 3KSCN <> Fe(SCN)3+ 3KC1
vang nhat dd dam
Khi can bang d& duoc thiét I4p néu ta thém vao hé mot it tinh thé KC1 sé
nhan thdy mau nhat di. Diéu dé ching t0 cidn bang da chuyén dich theo chiéu
nghich tic la chiéu lam giam bét nong d6 KC1. Nguoc lai mau dd sé dam Ién néu
ta thém KSCN hay FeCl3>ching to6 can bang da chuyén dich theo chiéu thuan dé
lam gidm ndng dd cac chat thém vao.
Vi du 2:
N2+ 3Ho * <=t 2NH3 AH<0
Phan (ng theo chiéu thuan lam cho hé nong Ién do tao ra nhiét dong thoi lam
gidam ap sudt do tao ra it s6 phan t hon va nguoc lai. Vi vay néu ta tang ap sudt
cta hé vi du bang cach nén thi can bang s& phai chuyén dich theo chiéu thuan.
Két qua twvong tv nhw vay khi ta lam lanh hé phan Gng.
Trong tong hop amoniac, dé tang hiéu sudt cla phadn (ng nguoi ta thwong
thuc hién & 4p sudt rat cao, tuy nhién khéng thé ha nhiét dé qua thap vi diéu nay
lai lam gidm t6c dd va do d6 lam gidm nang suét clia qua trinh san xuat.

7. CAC PHAN UNG PHUC TAP
Céc phan rng phtrc tap 1a cac phan (ng dién ra qua nhiéu giai doan hay gébm
nhiéu phan tng thanh phan.
7.1. Phan &rng thuan nghich
GOm hai phéan &ng thanh phan: phéan tng thuan va phan &ng nghich.
A < B thuan nghich béac nhat.
A+B < ¢ +D thuan nghich bac hai.

Tdc db cta phan (ng thuan nghich:
V =vt- vn
Khi vt = vnphan ng thuin nghich dat toi trang thai can bang,

& trang thai can bang néng do cac chat khong thay dai

m .o
dt

7.2. Phan &rng noi tiép
Phan rng dién ra theo nhirng giai doan ndi tiép nhau.
K, k2
A — B _—_C
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Nong do

Hinh 4.12. Sy phu thudc ctia ndng d6 cac chéat trong phan (ng ndi ti€p vao thoi gian
Vi du:
Phan (*ng thuy phan trisacarid C18H30 16
ClHD 6+ HD -» CIH20On + CEH1D 6
CIH201 + h2D —-cth 106 +ch 16
glucose fructose
T6c dd cta phdn (ng ndi ti€p la tdc do clia phan ing nao cham nhat trong cac
phan Gngthanh phan. Trong phan &ng ndi ti€p sé cd mot thoidiEm ndng do cla
chét trung gian khong thay d&i khi ma t6c do tao ra n6 bang téc dd chuyén hoa
no. Trang thai do duoc goi la trang thai ding.

® = Okhik[A] = k2[g]

7.3. Phan (*rng day chuyén
Phan (ng day chuyén c6 lién quan dén sy xuét hién cac gbc tu do. Vi vay
nguoi ta con goi la phan (ng gbc tv do.
Vi du 1:
Phéan (*ng H2+ Cl2—2HC1
Cl2+ hv—=2Cr
cr +h2->HCI + H*
H*+ CI2-> HC1t+ cr...
D6 la dang phan (ng day chuyén khéng phan nhanh.
Vi du 2:
Phéan tng H2T02—HX
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h?d

hd oh' _EH’I/

OH- + H .7 ; ~AH - +h
He — A 4y OH*
H, + 0/ ¥y b +0, A~
H,0
nH, +Ha» Ha® .+ HANHYD N
oir-~¢c A~ OH- “2 ZjO jS~
H s.0. H \
Giai doan khoi mao Giai doan phat trién mach

D6 la phan ¢ng day chuyén phan nhanh.

Mot phan (ng goic t do thuwone cé ba giai doan: khoi mao, phat trién mach,
ngat mach hay dap tat.

Giai doan ngat mach la két qua phéan &ng gitra cac géc tv do.

Vidu:
OH’ + H* —-» h2
H* + H* -»  H,
0o* + o* — 02

B
7.4. Phan rng song song
Tt nhitng chdt ban dau phan ¢ng dién ra theo mot "
hwdng dé tao ra nhitng san pham khac nhau.
-C

Vi du:
Khi nitro hod phenol ta thu dwgc dong thoi ba san phdm khac nhau: ortho-,
meta- va para- nitrophenol.

T6c do clia phadn (rng song song:

v, = "51=Kk,[A v2= " | =Kk
3 [A] ot A
Tu do: | 2 U N~ hayM =~
d[C) k2 [C] k2
Nhu vay trong phan rng song song néng dé cac san pham phan (ng ty I& voi
hang s6 téc dd cla cac phdn &ng thanh phan.
7.5. Phan rng lién hOphayphéan &rng kém nhau
A+B~C + D (1) Phan ng tv xay ra duoc(AG < 0)
E+F—=G+ H(2 Phan, tng khong tv xdyra dugc (AG > 0)

103



Phan tng (1) duoc goi la lién hgp voi phdn ¢ng (2) néu nhu khi x&y ra né cd
thé kéo theo phan ¢*ng (2) l1a phan &ng khong thé tu xay ra.
Vi du:
Sy tong hop glucose-6-phosphat trong co thé dwoc thuc hién do lién hop gilia
hai phan ng:
arginin phosphat + H2 -> arginin + H® 04ty xay ra
glucose + HP 04-» glucose-6-phosphat + H2
Phan (*ng téng cong la:
arginin phosphat + glucose -> glucose-6-phosphat + arginin

8. PHAN UNG XUC TAC ENZYM

8.1. Phuwong trinh déng hoc ciia phan rng enzym
Mot phan (*ng enzym don gian cling goém it nhat 2 giai doan nhu sau:
lc

k
s+E z==r ES —p+E
K

Giai doan thuan nghich dién ra nhanh tao ra ES, con giai doan phan huy ES
dién ra cham.

Trong do: S: Chatphan &rng hay con goi la co chat.
E: Enzym.
ES: S&n pham trung gian hay con goi la phirc enzym- co chét.
P: San pham phan (ng.
k+L; k 1 k2la cac hang s6 téc do twong ng.
Nhw vay phan ng enzym la mot phan &ng phic tap (thuan nghich va nai tiép).
Phuong trinh déng hoc cé dang:
V=-~r L (4.19)
K, +[S]
[S]: Nong db co chat.
V: T6c do cwc dai cGa phan &ng enzym.
Km Hang s6 dic trwng cho khd ndng phan (ng gitta enzym
va co chat con duoc goi 1a hang sé'Michaelis (Mikelix).
k, +
T k4
Theo co ché trén thi giai doan phan huy phirc chat ES la giai doan cham vi vay téc do
cta phan ng enzym dugc quyét dinh béi giai doan nay:
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V = kqES]

Ap dung trang thai dirng ta co thé tinh dwoc ndng do ctia ES nhuw sau:

Tai trang thai dirng tdc do hinh thanh ES s& bang tdc do phan huy no, nghta la:
kH[E][S] = k_,[ES] + k/ES]

Thay [E] =[E(J - [ESJ, trong d6 [EJ la ndng dd ban dau cla enzym

ttr do ta co:
ES] =
[ES] k, +k; +k,,
Chia ca tir va mau sod'cho k+ ta co:
Esj= B [E..I[S]
Km +[S]
'mi
Va téc d6 cua phan ng:
« =kges] = FIEAIS
Km+ [J]

Toc d6 phan (rng dat duogc cuc dai V khi toan bd enzym chuyén thanh phitc ES tic la
khi [ESJ =[EJ

Thay V =kqES] = k4E(Jta cd phuong trinh (4.19)
Do thi biéu dién sy phu thudc toc do phan ng vao ndng dd co chdt cho & hinh 4.13.
TUr phwong trinh téc dd va do thi cho thdy phan ng xdc tdc enzym khéng

tvong ng véi mot phan (ng bac don gian nao. Tuy nhién trong nhirng diéu kién
gi¢i han thi n6 co bac xac dinh.

Hinh 4.13. B4 thi sy phu thudc cutia téc dd phan (rng enzym vao néng do co chat

Khi [S] » Kmthi v =V téc dd phan &ng khdong phu thudc vao [S] va khi do
phan &ng la bac 0 (doan BC).
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Khi [S] « K Mthiv="-. [9]

Toc d6 phan tng ty Ié thuan véi [S] va khi d6 phan ng la bac mo6t (doan OA)

Trén duwong cong thuc nghiém (hinh 4.14) cé thé xac dinh dwoc gia tri cha Ky.
D6 1a hang s6 ddc trung cho moi enzym. NE&u coi:

k., +k2 K,
M-~ K—H‘ Kh

thi Kmchinh 1a hang s6 can bang clia phan t¢ng ES <=tE +s

Nhwv vay, enzym nao c6 KMcang lén thi phitc ES cang khdng bén hay nhuw
ngudi ta thuong noi ai lwc clia enzyrn dé ddi voi co chat cang nho.

9. XAC PINH Co CHE CUA PHAN UNG

D6 1a mot trong nhirtng nhiém vu rdt quan trong ctia dong hoa hoc.
DEé xac dinh co ché ctia phdn ¥ng phai tién hanh mot s6 buwdc sau day:
e Tap hop céac di* kién thwc nghiém gom:
Xéac dinh cac chat tham gia va sdn pham phéan ng.
Xac dinh cac chét trung gian bang thwc nghiém hodc gia thiét.
Lap phwong trinh thwc nghiém téc d6 ctia phan ng.
Gia thiét mot co ché don gidn va hgp ly nhat.
Duva trén co ché gid thiét tinh phwong trinh téc do ctia phan Gng.

e So sanh phuong trinh tinh toan ly thuyét voi phuong trinh thwc nghiém dé
xac dinh xem co ché gia thiét c6 phu hgp khong.
Vi du:

Xac dinh cochéphdan ng:

2NO + 2H2-> N2+ 2H2D
Sa&n pham trung gian cta phan ¢ng la N2 2va H2 2
Thuc nghiém da xac dinh duoc téc dd phan tng (vin) tuan theo phuong trinh scui:

vin=k[NO]ZHZ
Phan (ng duoc gia thiét theo co ché ba giai doan nhu sau:
2NO ND2 (1) can bang duoc thiét 1ap nhanh
k2
N202+H2 N2+ HXD2 (2) giai doan cham nhat
H20 2+ H2-» 2HD (3) giai doan nhanh

Hop chat trung gian hoat dong R +duwoc tao ra & phan ¢ng (1) va (2) nhung bién mat
ophan ¢ng (3).
Gia thiét can bang (1) c6 hang so can bang K. Ta co:
K’ =2=tN2°=2}=TFir-d6:ND-Z=K’[NO]2 4.20
Ric N2 2 =K’[NO] (4.20)
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Theo co chégia thiét do, toc dd phan tng:
v =k2[NoQOJ [HJ

Thay gia tri cia [ N.,Oof tir (4.20) vao phuong trinh téc do trén ta duoc:
V=Kk2IiT[NO]2[HJ

Thay k> K =k ta co:
V= Kk[NO]J2H,]

Phuong trinh tdc do ruat ra tir tinh toan ly thuyét (v) trung véi phuong trinh thu dwoc
tlr thie nghiém (vin)

Vi vay cochéda gia thiét la ding.

CAU HOI Ty LUONG GIA

4.1. Téc dob trung binh, tdc dd tirc thoi cia mot phan Gng dwgc tinh nhuw thé nao?

4.2. Thé nao la phan &ng don gidn, phan ng phtc tap. Cho cac vi du.

4.3. Nong do cac chat phan Gng &nh huéng dén téc d6 phan (*ng nhuv thé nao? Phat
bi€u va viét biéu thirc dinh luat tdc dung khéi lugng. Bac phan (rng la gi?

4.4. Phan biét bac phan &ng va phan t&r s6 cia phan @ng.

4.5. Thiét lap phwong trinh ddng hoc cta phan (ng bac 0, bac 1, bac 2 (dang 2A -> P).
Cho biét dang do thi ctia chang.

4.6. Mot phan (ng bac 1 c6 hang sd*téc do kj= 8.10-3 min-1. Hoi sau thoi gian bao
lau ndng d6 ban dau cha chat phan Gng gidm di 4 lan.

4.7. Mot phan ng bac 1 dang A -> B. Nong do ban dau cta A bang 0,5 mM. Sau
2 gidy con lai 0,25 mM. Héi sau 3 gidy nong do cla A la bao nhiéu?

4.8. Mot phan (*ng bac 1, & nhiét dd 27°c néng d6 ban dau gidm 1/2 sau 5000
giay, con & nhiét do 37°c nong do ban dau gidm 1/2 sau 1000 gidy. Tinh nang
lvgng hoat hoa ctia phan &ng.

4.9. Cho phan Gng: H2+ 12— 2HI. Viét biéu thic tdc dd phan ng va cho biét bac
phan (ng. Biét rang:

NéEu tang nong db hydro Ién gap doi, gilt nguyén néng dd iod thi toic d6 phan Gng
tang Ién gap doi.

NéEu tang nong dd iod l1én gap ba, gilr nguyén noéng dd hydro thi téc d6 phan (ng
tang Ién gap ba.

4.10. Phan &ng 2NO + 02-> 2NOzla mét phdn ng don gian. Téc dé phan (ng
thay doi nhu thé nao khi:

Tang ndong do 0 21én 4 lan
Tang ndng do NO va 0 21én 3 lan.
Gidm nong d6 NO 2 lan.
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4.11. Nhiét do anh hudng nhuv thé nao dén toc do phan (ng, thé hién qua biéu
thirc va quy tac nao?

4.12. Mot phan (*ng c6 hé s6' nhiét do Y= 3,1. Héi khi tang nhiét do thém 40° téc
dd phan ¢ng tang Ién bao nhiéu lan?

4.13. Hé s6 nhiét do cia mot phan (¥ng bang 3. Hoi can phai ting nhiét do l1én
bao nhiéu d6 dé téc dd phan ng tang lén 243 lan?

4.14. MOt phan rng c6 hé 3" nhiét do bang 2. & 0°c phan (ng két thac sau 1024
ngay. Hoi & 30°c phan (rng két thic sau thoi gian bao lau?

4.15. Trinh bay ndi dung co ban cla thuyét hoat hod. Nang lwgng hoat hoa cla
mot phan &ng la gi?

4.16. Héang s6 tdc do phan (ng & 20°c la 3.1CT2va & 50°c la 4.10"1 litmor'.min-L
Viét biéu thirc Arrhenius d6i voi phan (rng nay.

4.17. M6t phan rng c6 nang lwgng hoat hoa 30.000 calo/mol. Téc dd phan Gng sé
tang 1én bao nhiéu lan khi tang nhiét do tir 20°c Ién 30°c.

4.18. 6 nhiét dd0 10°c mot phan (ng két thic sau 95 gidy con & 20°c sau 60 giay.
Tinh nang lvong hoat hoa cta phan &ng.

4.19. Tai sao su c6 mat cua chat xdctac lai lam tang téc do phdn tng? VE va gidi
thich gian do6 nang lvgng ctia phan tng khi c6 va khdngcéd mat chét xdc tac.

4.20. Hay néu mot so dac diém cla xuc tac.

4.21. Hang $3" can bang cla mot phan (ng la gi? Hay phat biéu va minh hoa
nguyén ly chuyén dich can bang qua cac vi du.

4.22. Céac can bang sau day chuyén dich thé nao khi tang nhiét do, khi ting ap

suat:
a) N2+ 02 < 2NO AH>0
b) 2CO + 2 H2 <> CH4+ C02 AH <0
¢) CaO + CO, CaCo03 AH <0
d) H2+12 <t 2HI AH=0
e) N A < 2NO02 AH > 0

4.23. Thé nao la phan &ng thuan nghich, phan &ng ndi ti€p? Cho vi du. Phan biét
trang thai can bang va trang thai dirng.

4.24. Cho vi du vé phan (rng day chuyén. Nhitng giai doan cobdn cllamdt phan
(rng day chuyén.

4.25. Tl phwong trinh téc do ctia phan (ng enzym hay giai thich dangdd thi V-[S]
thuong nhan dugc doéi voi phan (ing xdc tac enzym.



Bai 5

DAl CUONG VE DUNG D|CH

MUC TIEU

1. Binh nghfa ding va tinh toan dwgc nhirng loai ndng dé khac nhau st dung trong
ho& hoc.

2. M6 ta hién twong tham thau va giai thich duoc biéu théc cla dinh luat Varit
Hoffvé ap suat tham thau.

3. So sanh va gidi thich dwogc sv khac nhau vé nhiét do sbi, nhiét do dong dac cla
dung dich va ctia dung méi.

4. Néu lén duwgc nhirng (*ng dung cla viéc do ap sudt tham thau, do ting nhiét do
s0i, d0 ha nhiét do6 dong dac cha dung dich trong viéc xac dinh khoi lugng mol
clia cac chat.

MO DAU
Cac hé phan tan va dung dich

Hé phan tan la nhirng hé trong d6 c6 it nhat mot chat phan bdé (goi la chat
phan tan) vao mot chat khac (goi la méi trudng phan tan) dwéi dang nhirng hat co
kich thudc nho bé.

Duwa vao kich thuwéc hat nguoi ta chia thanh:

- Hé phan tan phan tl-ion hay con goi la dung dich thuc. Vi du, dung dich
mudi acid, base... Kich thvéc hat & day < 1 nm.

- Hé phan tan keo hay con goi la dung dich keo. Vi du, gelatin, ho tinh bat,
keo acid silicic... ¢ kich thuéc hat tr 1—100 nm.

- Hé phan tan thd c6 2 dang la huyén phu va nhi twong. Vi du, nuéc séng
chtta nhirng hat phu sa; stta... Kich thwéc hat cta nhitng hé nay >100 nm.

Trong chwong nay ching ta dé cap dén dung dich phan tlr va nhi*tng tinh chét
chung cla chang.

1. DINH NGHTA VA PHAN LOAI DUNG D|CH

Dung dich la mdt hé dong nhat cta hai hay nhiéu chat c6 ty 1é khac
nhau thay do6i trong mdtpham vi rong.

Tl dinh nghTa do6 co thé co:

- Dung dich ran. Vi du;-cae-hop-kim-
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—Dung dich khi. Vi duy, khong khi.

- Dung dich 16ng. Vi du, dung dich cta cac chat ran (dwong, NaCl...) khi (02
NH,...) I6ng (C2H5OH, benzen...) trong nuéc.

Cac nha hoa hoc va sinh hoc thwong ti€p xic véi cac dung dich 1dng ma chét
lons & day thuong la nuéc. Trong cac dung dich nay nwéc la méi trudng phan tan
dwoc QL la dung moi, cac chat phan tan goi la cac chat tan.

Theo ban chét cta chat tan nguoi ta phan chia thanh:

- Dung dich khdéng dién ly: Chat tan c6 mat trong dung dich du¢i dang phan
tr. Vi du dung dich dwong, C2H50H, 0 2trong nuéc.

—Dung dich dién ly: Trong dung dich c6 mdt cd phan tir va ion. Vi du dung
dich cua cac mudi, acid, base... trong nuéc.

2. NONG PO DUNG DICH

NoOng dé dung dich la dai lvong biéu thi lwvgng chat tan trong dung dich.
C6 mot sb cach biéu thi ndng do tuy thudc vao muc dich st dung.

2.1. Nong do phan tram. Ky hiéu %

Nong do phan tram biéu thi bang s6 gam chét tan trong 100g dung dich.
Vi du:

Dung dich huyét thanh ngot la dung dich glucose 5% (5g glucose hoa tan
trong 95g nuGc).

2.2. Nong d6 mol hay mol/lit. Ky hiéu M hay CM

Nong do mol duoc biéu thi bang s6 mol chdt tan trong 1 lit dung dich.

Vi du:

Dung dich NaCl 0,1M la dung dich c6 0,Imol NaCl trong 1 lit dung dich.
Mubn c6 dung dich nay ngudi ta phai can chinh xac 5,845g NaCl va thém nuoc
dén thé tich cudi cung la 1 lit.

2.3. Nong dod duong lvong. Ky hiéu N hay CN

Nong do dwong luong duoc biéu thi bang s6 duong lvong gam chét tan trong 1
lit dung dich.

Puong lvgng gam cla mot chat 14 lwvgng chét do tinh bang gam khi phan tng
tvong dvong (két hgp hay thay thé0 1 mol nguyén t& hidro (1,0089).

Puong lwvgng gam cla mot chat phu thudc vao phan (*ng ma né tham gia vao.



2.3.1. Buong lvgng gam cla don chét

Vidu 1:
Trong phéan ¢ng:

h2+ t02->h2

16 g oxy két hop voi 2 mol nguyén tl hydro. Vay duong lugng gam cla oxy
(EQ)la~=8g.

Vidu 2:
Trong phén tng:
Mg + 2HC1 — Ho + MgClI2
249 Mg da thay thé 2 molnguyén t&r hydro. Vay EMy= 2. 12 g.

Nhuv vay: Buong luong gam cla motdon chat bang khéi lwgng mol nguyén ti
clla n6 chia cho hoa tri.

Lwu y: d6i voi nhi*tng nguyén t6”cd nhiéu hoa tri thi dwong lvgng gam cua né
c6 thé khac nhau.
Vidu:

Trong cac phan (ng sau day:

Fe + —02=FeO VFe= —
2 2

Fe+7202=FedD3 EFe=
2 3

2.3.2. buvong lvgng gam cla hgp chdt tham gia phan ng trao doi

Vidu 1:
Trong phan ng:
NaOH + HC1 — NaCl + HD
40g NaOH phan &ng twong dwong véi mét mol HC1 (36,5¢) tirc la twong dwong
vloi mot mol nguyén tr hydro. Vi vay ENOH = 40g/l va EH1 = 36,5g/I.

Vidu 2:
Trong phan @&ng:
3NaOH + H® 04=Na® 04+ 3HD
mot mol HP 04khi phan ¢ng tvong dwong véi 3 mol nguyén tir hydro (dwva ra 3
mol nguyén tir hydro dé trao doi). Vi vay:
M _ 98g |, M

h3po4 2 3 vV a OH \
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con trong phan @&ng:
2NaOH + H®O0,, — Na2H P04+ 2HD
1 mol H3O.i khi phan &rng tvong dwong voi 2 mol nguyén tir hydro:

By po. = -

Nhu vay: Buong lvong gam clia mot chét trong phan ¢ng trao d6i bang khdi
ivgng mol phan t chia cho s6 dién tich dwong hay am ma mot phan ti chat do6 da
trao doi.

2.3.3. buong lvgng gam cua hop chat tham gia phan &¢ng oxy hoa - kht

Vi du 1:
Trong phan @¢ng:
2KMn04+ 10FeS04+ 8H2S04-> 2MnS04+ 5FeS043+ K504+ 8H
Mot mol KM n04nhan 5 mol electron (twong dwong véi 5 mol nguyén tir hydro).

Vi vay: E KM = ;'/VI . Fuong ty: ERN = \M :

Nhu vay: Buong lvong gam cla mot chat trong phan (¢ng oxy - hoa khir bang
khéi lvong moi phan t chia cho s6 electron ma mét phan tl chat dé cho hoac nhan.

Vi du 2:
Tinh dwong lwvgng gam cla acid oxalic trong cac phan *ng sau day va cho biét
muon pha dwgc dung dich 0,1 N cla acid nay can phai tién hanh nhuv thé nao?
HZ 2 4+ 2NaOH -» NaZlD 4+ 2HD ]
SBH2XXD 4+ 2KMn04+ 3HXS 04 -> 10C02+ 2MnS04+ KX 04+ 8HX 2
Giai: Trong phan (ng (1) H2C D 4trao doi 2 dién tich duong (2H4 hay 2 dién
tich &m (C2D 4£-). Vi vay:
M

Ericos = 2

Trong phan ng (2) mét phan t&r H2C2 4cho di 2e (2C+3> 2C+). Vi vay duong
lvgng gam clia HZCD 4trong phéan (ng nay ciing bang >

Mubn pha dung dich H2ZC2 40,1N ta phai can chinh xac 4,59 H2C2 4va thém
nwdc dén thé tich 1 lit.

No6ng dé duong lwvgng gam dugc st dung rong rdi trong hoa hoc, ddc biét trong
hoa hoc phén tich.

T dinh nghTa vé duong lvong gam cé thé suy ra rang: khi hai chdt phan ng
vira d0 voi nhau thi s6 duvong lvong gam d& phan ¢ng cia chéit nay ding bang sb
dwong lwvgng gam da phan (ng cla chat kia.
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Vidu 3:
Néu VAlit dung dich chdt A ndéng do NAphan &ng vlra dd véi VBIit dung dich
chdt B co néng d6 NB Khi dé ta co:
'VAna=VBnb
D6 la biéu thic cha dinh luat dvong lvong: “Céac chat hod hoc (don chat
hay hgp chat) phan Gng véi nhau theo cung sd6'duong lvong gam” dugc st
dung trong hoa hoc phan tich dé xac dinh néng do cla chéat tan trong dung dich.

2.4. Nong do molan. Ky hiéu m hay Cm

NOng do molan biéu thi s6 mol chét tan trong 1000g dung mai.

Vi dw Dung dich glucose 0,5 m la dung dich gébm 90g glucose trong 100Og nuéc.
2.5.Nong do phan mol hay néng dé mol riéng phan

Nong do phan mol ctia mot chét i nao do dugc tinh béang ty s6 s mol cia chét

do va tong s6 s6 mol clia tat cd cac chat tao nén dung dich:

N; =
£n.

N;:Nong d6 phan mol cla chat i.
11;: S6 mol chat i
s Hi: Tong somol cla cac chéat tao nén dung dich.

3. AP SUAT THAM THAU CUA DUNG DICH

3.1. Hién tvong tham thau

Hai nhanh A va B ctia mot 6ng hinh chir U dwoc ngan cach bang mot mang
thdm thé&u tkc 12 mang cé kich thudc cac 16 chi cho cac phan t&r dung méi di qua
con cac tiéu phan chéat tan bi gil lai (hinh 5.1).

Dung dich
duong

Nu6c nguyén chat

Mang tham thédu

Hinh 5.1. Mo hinh-thi nghiém vé hién tuong thAm thau
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Bén nhanh A chra mot dung dich duong bén nhanh B chira nwvéc nguyén chat
(hay mot dung dich dudng cé néng do nhd hon nong dé dung dich & nhanh A). Sau
mot thoi gian nhat dinh, nhan thdy muc chat Idng trong nhanh A nang Ién mot
dd cao h nao dd, con muc chét léng trong nhanh B bi ha thdp xudng. Diéu do
chirng té da cd nhirtng phan tlr dung moi tir nhanh B chuyén sang nhanh A,

Hién twong cac phan t& dung moi khuéch tan mot chiéu qua mang tham thau
tir dung mdi sang dung dich (hodc tlr dung dich c6 néng dd thdp sang dung dich co
nong do cao hon) dugc goi la hién twong tham thau.

3.2. Ap sudt thdm th&u - Binh luat Van't Hoff (Van Hop -1887 Ha Lan)

Ap sudt thdm th&u la ap sudtgay nén boi hién twong thAm thdu, vé do Ién no co
gia tri bang ap sudt gay nén bdi cot nwdc co chidu cao h trong thi nghiém trén hoic
bang ap sudt can dat Ién dung dich dé lam ngirng hién tegng tham thau.

Ap sudt thdm th&u (thudng ky hiéu 7) phu thudc vao ndng dd va nhiét do cla
dung dich theo dinh luat Van’t Hoff:

Ap sudt thAm th&u ctia mot dung dich ty 1é thuan véi ndng dd va nhiét do cla
dung dwh.

nA=R.C.T

R: Hang s6khi ly twéng, bang 0,082 lit.at/mol.K.
C: Nong d6 moi/lit cia dung dich.

T: Nhiét do tuyét d6i cta dung dich.

Hién tvong tham thdu cé y nghfa sinh hoc rdt quan trong vi mang cua cac té
bao la cac mang tham thau.

- Nho co hién tvong thdm thdu nwdc dwoc van chuyén tir ré cay Ién ngon.

- Dich trong hdng cau c6 ap sudt tham thau 7,4 - 7,5 at. Vi vay dé tranh hién
tvong v& hodc teo hdng cau ngudi ta thudng st dung nhitng dung dich dang trwong
(c6 ap sudt thdm thdu bang ap suét thdm thdu cla mau) dé dwa vao co thé.

Dva vao dinh luat Vant Hoff nguoi ta cé thé xac dinh dwoc khdéi lwgng mol
phan tl cia mot chat bang cach do ap sudt thdm thiu.

Vi du:

Xac dinh khéi lvong mol phan tir ctia hemoglobin biét rang dung dich 80g
hemoglobin/lit c6 ap suat tham thdu 0,026 at, & 4°c.

Giai: goi Mala khéi lugng mol phan tl cila hemoglobin ta co:

c= §€-
m a
n=R.C.T =0,082.— .277 =0,026
Ma

T d6 Ma* 70.0009
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4. NHIET O SOI VANHIET b0 DONG PAC CUA DUNG DICH

4.1. Ap sudt hoicta dung dich

Ap suét hoi cha mot chat 16ng 14 4p sudt gay nén bai nhitng phan tir cla né
trén mat thoang cla chét léng.

Ap sudt hoi bdo hoa la 4p suét tao ra trén mat thoang khi qua trinh bay hoi
dat t¢i trang thai can bang.

Ap sudt hoi tdng khi ting nhiét do cha chdt I6ng.
& cung mot nhiét do, ap sudt hoi hay ap sudt hoi bdo hoa cta dung dich ludn

lubn nhd hon ap sudt cta dung moi nguyén chat do trén mat thoang cla dung
dich c6 céac tiéu phan chat tan an ng (hinh 5.2).

o o

00000000 O
O o O o o
(o]

ol Dung dich Tdo° 100° Tc

Hinh 5.2. Sy phu thudc ctia ap suét hoi bdo hoa clia dung méi va dung dich vao nhiét do

4.2. Nhiét do sbi ctia dung dich

Mot chét 16ng sbi khi ap suét hoi bdo hoa clia n6 bang ap sudt khi quyén. Vi du,
nuwéc séi & 100°c vi & nhiét do nay ap sudt hoi cla né bang ap sudt 1 atm. Trong khi
do dé dat dugc ap sudt 1 atm can phai tidng nhiét dé ctia dung dich hon 100°c.

Tém lai: Mot dung dich sé sbi & nhiét d6 cao hon nhiét dd séi cla dung moi. Nong
dd dung dich cang Ién thi nhiét dd s6i cua ndé cang cao. Hiéu nhiét dd sbéi cla dung
dich va dung moi dwoc goi la do tang diém s6i clia dung dich, ky hiéu ATS.

4.3. Nhiét d6 dong dac cua dung dich

Mot chat long sé dong dac & nhiét do tai d6 ap suat hoi bdo hoa trén pha léng
bang 4p suét hoi bdo hoa trén pha ran. Trén hinh (5.2) duong biéu dién bién doi
ap suét hoi bdo hoa trén pha ran (doan OA) cdt duwdng ap sudt hoi trén dung dich
& diém tvong ng voi nhiét do thap hon 0°c.
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Tém lai: Mot dung dich sé déng dac & nhiét do thap hon nhiét d6 déng dac
clia dung mdi. Nong d6 dung dich cang I&n thi nhiét do dong clia né cang thap.

Hiéu nhiét do dong clia dung mdi va dung dich dwoc goi la d6 ha diém dong
clia dung dich, ky hiéu ATd.

4.4. Dinh luat Raoult (Raun. 1886 - Phéap)
Do tang diém sbi hay do ha diém dbéng déac cla dung dich ty I1& thuan
véi nong dé molan cta dung dich.
ATS=k, cm
ATd= kdCm
ksva kdtuwong (rng dugc goi la hang s6 nghiém s6i va hang sd nghiém dong dic
clia dung moi. No la nhirng dai lwvgng dac trung d6i voi moét dung moi nhéat dinh.

BANG 5.1. NHIET O SOI VA NHIET DO BONG CUA MOT s6' DUNG MOI

Dung mdi T,°c K TdPc kd
h 100 0,52 0 1,86
ceshse 80 2,57 55 5,12
c2h5oh 79 1,19
ceh50h 3,04 40 7,27
CsH .2 81 2,79 6,5 2,02
chcis 61,1 3,6 -63,2 4,9
CCl4 76,5 5,0 -24.,7 29,8
cshsnh2 182 3,22

Duwa vao dinh luat Raoult va bang thwc nghiém xac dinh do ha diém dong dic
(phvong phap nghiém dong) hay do tang diém soi (phwong phap nghiém sbi) cla
dung dich nguoi ta c6 thé tim dwoc khdi lwvgng mol clia mot chat tan nhét dinh.

Vi du:
Hoa tan 10g chat A (khdng dién ly) trong 100g nwoc. Dung dich thu dwgc déng
dac & nhiét d6 —2,12°c. Tinh khoi lugng mol phan tir chat A.
Giai: ATd=0—- 2,12) = 2,12°
_J0_1000= 10
m ma’100 ” ma

2,12 = 1,86.— Tw do: MA= 87,79
Ma



5. AP SUAT THAM th&u, nhiét doé séi va nhiét dé déng dac
CUA DUNG DICH BIEN LY

Pinh luat Van't Hoff va Raoult chi &p dung dung cho cac dung dich lodng
(twong tac cla cac tiéu phan chét tan khong dang ké) cla cac chat khdng bay hoi,
khong dién ly (s6 tiéu phan chinh bdng sd phan t chét tan).

DPoi vbi dung dich chat dién ly thi s tiéu phan trong dung dich (gdbm cac phéan
tl va ion) sé I6n hon s3"'tiéu phan trong dung dich chat khong dién ly c6 cung nong
dd mol. Trong khi dé cac tinh chat nhu: 4p suat tham thau, do tang diém sbi hay do
ha diém dong dac lai chi phu thuéc vao nong do tiéu phan trong dung dich. Do dé
cac dai lvong nay thuc té do dwoc Ién hon so véi tinh toan theo céng thirc clia Van't
Hoff va Raoult. D€ c6 thé ap dung duoc cho cd dung dich dién ly Vant Hoff dd dua
thém vao cac cdng thirc mot hé sd bd sung i goi 1a hé s8"dang trvong. Khi do:

n=i. RCT
ATS = i.kg.m
ATd=i. kdm

Nhur vay vé y nghTa thi i cho biét so tiéu phan chat tan 16n hon s6 phan tlr bao
nhiéu lan. B6i véi dung dich khong dién ly thi i = 0, con dbi véi dung dich dién ly
thi i >1. Vi du, trong nhirng diéu kién ly tvéng thi dung dich NaCl cé i = 2, con
dung dich Na2S04 c6 i = 3 vi mdi phan tir nay c6 thé cho t6i da 2 va 3 tiéu phan
la cac ion.

Pe xac dinh i nguoi ta do 4p sudt tham thdu hodc dd tang diém so6i, do ha
diém dong dac cla dung dich roi so sanh chlng voi cac gia tri tinh toan theo cac
cong thirc cta dinh luat Van't Hoff va Raoult.

CAU HOI Ty LUONG GIA

5.1. Binh nghia cac nong dé: phan tram (%), mol (M), molan (m), dwvong luong
gam (N).

5.2. Xéu quy tic tinh dwong lwong gam cha mot chét trong phan ¢ng trao ddi,
phan ng oxy hoa - kht.

5.3. Phat biéu dinh luat dwong lvogng va néu (’ng dung cta dinh luat do trong
tinh toan cua phan tich thé tich.

5.4. Trinh bay hién twong tham thau. Phat biéu dinh luat Van't Hoff vé ap suét
tham thau.

5.5. Ap sudt hoi trén dung dich, nhiét do s6i va nhiét do déng dac cta dung dich.
5.6. Binh luat Raoult va cac phvong phap nghiém séi va nghiém lanh.
5.7. Tinh 4p sudt tham th&u-cha dung-dich-5g/lit-glucose & 25°c.
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5.8. Biét rang & 37°c (than nhiét) dich hdong cau c6 ap sudt thdm th&u la 7,5 atm.
Tinh ndng d6 mol cla cac chat tan trong hong cau.

5.9. Dung dich trong nuéc cla chat A (khong dién ly) 0,184g trong 100ml dung
dich cd ap suat tham thau 560mm Hg & 30°c. Tinh khdi lwvgng mol cla A
5.10. Dung dich 0,4 g/lit mot polypeptid c6 ap sudt thdm thau 3,74 Torr & 27°c

(ITorr = 1,32.10~3atm). Tinh khéi lwvgng mol ctia polypeptid do.

5.11. Dung dich trong nuéc ctua chat B (khong dién ly) la 3 g trong 250 ml dung
dich & 12°c c6 ap sudt 0,82 atm. Tinh khdi lvgng mol cua B.

5.12. Tinh nhiét dd sbi va nhiét dé dong dac cua dung dich 9 g glucose trong 100g
nuoc.

5.13. Phai lay bao nhiéu gam glucose tan trong 150 g nwéc dé ha nhiét do dong dac
cla dung dich thu dwgc xudng 0,75°c? Dung dich sbi & nhiét do bao nhiéu?
5.14. Dung dich mot chat tan khéng dién ly trong nwéc dong dac 6 -2,47°c. Hoi

dung dich nay sb6i & nhiét d6 bao nhiéu?

5.15. Dung dich chat ¢ (khéng dién ly) 1,38 g trong 100 g nuéc dong dac &
—0.279°c. Tinh khdi lwvgng mol cla c.

5.16. Nhiét dd6 dong dac cua dung dich chra 0,244 g acid benzoic trong 20 g
benzen la 5,232°c. Xac dinh dang tu hgp phan t& cla n6 trong benzen. Biét
rang benzen dong dac & 5,478°c. Kdcla benzen la 4,9.

5.17. Dung dich chta 16,9 gam mot chat khéng dién ly trong 250 g nuwéc déng dac
& - 0.744 c. Chéat nay c6 57,2% C; 4,77% H va 38,1% 0. Xac dinh cong thic
phan t& cta hgp chat.



Bai 6

DUNG D|CH CAC CHAT PIEN LY

MUC TIEU

1 Binh nghTa dung va tinh toan dwgc mot s6 dai lwong dac tri'ng cho mot chat dién
ly, moét dung dich chat dién ly.

2. Néu duwoc mdt s6 quan niém vé acid-base (theo arrehnius, Lewis va Bronsted’). Nhan
biét duoc acid, base theo Bronsted.

3. Tinh toan dugcpH cua cac dung dich chat dién ly (acid, base, mu6i, acid amin...).

4. Néu dwoc thanh phan tong quat, giai thich dwoc co chétac dung va tinh duoc pH
clla mot s6'hé dém khac nhau.

5. Binh nghta dlang tich s6 tan cha chat dién ly manh khé tan va néu dwgc moi
quan hé cla dai lvgng nay véi do tan.

6. Trinh bay duoc s hinh thanh, cau tao va cau tric khdng gian cta phirc chat.

7. Trinh bay duwoc ban chat, dac diém cla nhirng phwong phap phan tich thé tich
(trung hoa, permangnat, complexon).

1. MOT sO KHAI NIEM VA BAI LUONG VE DUNG DICH CHAT BIEN LY

1.1. Thuyét dién ly. Arrehnius (Aréniux. 1884 - Thuy Dién)
Nhirng chét & trang thai hoa tan hay nong chay cé kha ning dan dién duoc goi
la cac chat dién ly. Trong nu6c chat dién ly phan ly thanh cac ion dwong va ion am.
Tuy thudc vao khd ndang phan ly cta cac chat dién ly trong dung dich, ngudi
ta phan chia ching thanh cac chéat dién ly yéu va chat dién ly manh.
. Chat dién ly manh la nhitng chat c6 khd nang phan ly hoan toan thanh cac
ion trong dung dich, thvong la nhitng hop chéat cd lién két ion hay lién két cong
hoa tri phan cwc manh.

Vi du:
- Tat c& cac mudi vo co va hau hét cac mudi hiru co nhu:
KNO3 K+ + NO3-
NaCHgCOO ->  Na+ + CH3COO-
RNH3CI -> _rnh3 _+ _ ClI-
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- MOt s6 acid, base v6 co manh nhu:
HZS04 -> 2H+ + S042
NaOH -> Na+ + OH"
. Chat dién ly yéu la nhitng chat phan ly khéong hoan toan trong dung dich,
thuong la nhitng chéat co lién két cong hoa tri phan cwc yéu hay lién két cho nhan.

Vi du:
- Mot s6 acid va base vo co yéu nhu:
hno?2 <>h + + NO2
H. CO. H+ + Hcos-
nhidoh <>n h 4+ + OH-

- Hau hét cac acid va base h{ru co nhu:
CH3COOH H+ + CH3COO-

R-NH2+ HZ <> R-NH3+ + OH-

- Cé&c ion phtrc nhu:
[Fe(CN)g4 Fe2+ +  6CN-

1.2. Hang so*dién ly
Doi voi chat dién ly yéu, quéa trinh dién ly cta chdng trong dung dich thuc
chét 1a mot qua trinh thuan nghich, nghfa la trong dung dich c6 can bang dong
gilta cac phan tir va cac ion phan ly ra:
AB <A+ + B-
Hang sb6 can bang cta quéa trinh phan ly mét chét dién ly yéu:
~ _ [AH][B-]
[AB]
duoc goi 1a hang so' dién ly, ky hiéu la K
K la dai lvgng dac trweng cho cac chatdién ly yéu, né phu thudc vao ban chat
chét dién ly,nhiét dé va dung mdi. K cang Iénthi khd nang phan ly cang nhiéu.
Néu AB la mot acid yéu thi K dugc goi la hang s6'dién ly ca acid, ky hiéu Ia Kj.

Vi du:
CH. COOH <H+ + CH. COO-

K = [H+] [CH,CO0-~]
[CH.COOH]

Néu AB la mot base yéu-thi-K-dwoe-goi-la-hang-sd,dién ly clia base, ky hiéu la Kt-
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Vi du:
r-nh2+h2 2 r-nh 3+ oh-
_ [rnh;3 [OH-]
[RNHJ
Néu AB la mot ion phtc thi K dwoc goi 1a hang s6 khdng bén, ky hiéu Kk

Vi du:
[Fe(CN)el4 <> Fe+ + 6CN*“
K _ [Fe] [CN~]6
ki [Fe(CN)J4
Trong tinh todn nguoi ta con sir dung dai lvgng pK ve@i quy uoc pK = - IgK.

Nhw vay tuong tng ta sé co pK*, pKfc, pKkh)... Mot chat dién ly cé pK cang nhd thi
co kha nang dién ly cang manh ti*ong dung dich.

1.3. D0 dién ly

Kha nang phan ly cta cac chat dién ly trong dung dich con dwoc danh gid qua
mot dai lwvong goi la do dién ly cua dung dich, ky hiéu 1a a.

Do dién ly la ty s0"gilra s6 phan tlr da phan ly thanh ion n va tdng s6'phan ti
da hoa tan nQ.
n
no

Po dién ly dugc biéu diéribang phan tram (%).

Vidu:

Dung dich HF trong nuéc néng d6 0,1 M & 25°c c6 a = 0,09 hay 9%. Diéu dé co
nghta la ct* hoa tan 100 phan t& thi c6 9 phan t& phan ly thanh ion.

a =

D6i voi dung dich cac chat khong dién ly, vi du: duong... thia =0

Da6i voi dung dich cac chat dién ly manh, phan ly hoan toan thia =1

Nhu vay do dién ly cothé cogiatriO<a < 1.

Tuy nhién trong thuc té khi xac dinh do dién ly (vi du, bang phuong phéap do
do dan dién) cla dung dich nhitng chét dién ly manh, vi du: HC1, NaOH, KX 04....
thi a thwong < 1 (n6 chi = 1 khi dung dich dwoc pha lodng vd cung). S¢ di nhu vay
la vi & nhitng dung dich c6 néng do cao, xay ra twong tac tinh dién gilta céac ion
hodc su tu hop gilta cac ion véi phan to.

K chi phu thuéc vao ban chat dung mdi va nhiét do, trong khi d6 a con phu
thudc ca vao nong do. Nhu vay K dac treng cho kha nang dién ly cGa mot chat dién
ly yéu, con a dac treng cho khéa-néng-dién-ly-ctia-mét-dung dich dién ly noi chung.
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Gilta K clia mot chat dién ly yéu va a c6 mot m6i twong quan nhu sau:
Néu AB la chét dién ly yéu c6 hang sédién ly K. Trong dung dich c6 can bang:
AB i= A+ + B-
Goi néng dd ban dau ctua AB la ¢, do dién ly cia né & ndbng dd nay la Q
Sau khi can bang dién ly duoc thiét 1ap c6 [A4 =[B~] =Cava[AB] =c¢ - Ca
Theo dinh nghfa
k [A+][B-] _ CaCa _ Ca2
[AB] Cl-a 1-a
Khi a« 1(a< 0'1)céthécoi 1- a &1 khi d6 ta cd biéu thirc don gian hon

Biéu thirc cho thdy: d6 dién ly ty 1é nghich v&i can bac 2 cia ndong do
chét dién ly. B6 1a ndi dung cla dinh luat pha lodng Ostwald (Ot-oan).

Khi ndng dd gidm, nghta la khi pha lodng thi do dién ly a ctia dung dich tang Ién.

Céc biéu thirc trén cho phép tinh hang sd K khi biét do dién ly a & mot nong
doé xac dinh va nguoc lai.
Vidu 1:

Tinh hang ss dién ly cla cH3cooH biét rang dung dich 0,1M c6 do dién ly
0,0132.

Via « 1nén cothé ap dung cong thirc gan ding:

K=a2C = (0,0132)2 KT1= 1,76 10“5

Vi du 2:

Hang sb6 dién ly cila HNOg = 5.10-4. Hoi dung dich c6 ndng do bao nhiéu dé do
dién ly bang 20%

Vi a cd gia tri twong déi Ién, khong thé bd qua nén phai ap dung biéu thic:

a2 (0,2)

1.4. Khai niém vé hoat do cla ion - Luc ion clia dung dich

Doi v6i cac chét dién ly manh, khai niém héang s6' dién ly khong cé y nghia vi
cac chdt nay phan ly hoan toan. Tuy nhién do tuong tac gilta cac ion tich dién trai
ddu ma néng dd hoat dong cua cac ion thwong nhd hon noéng dd von co. Vi vay
nguoi ta dwa ra moét khai niém goi la hoat d, ky hiéu la a. D6 la néng do hoat
déng hay nong do hiéu dung cua ion nao do6 trong dung dich. Hoat d6 va néng do
lién quan v6i nhau qua biéu thic:

a =fc
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C: Nong dod vén cd cla ion trong dung dich.

f: Hé s hoat dd, f cd thé cd cac gia tri 0 <f <1. Bbi vai dung dich chat dién ly manh
nong do thdp tuong tac gitra cac ion khong dang ké thif=1, khi d6 hoat d6 bang néng do.

Theo Debye va Huckel hé s6'hoat do clia mot ion dugc tinh bang biéu thic:

-1l gf-i z2vTl

Trong do6 z la dién tich cla ion. | duoc goi la lwc ion cia dung dich.
Luc ion la mot dai lwgng phdn anh &nh huwéng clia néng dd va dién tich cla cac ion khac
comét trong dung dich 1én ion dang nghién cttu. | dwoc tinh bang biéu thirc:
I=-£C1Z*
2

¢, la nbng do ctia moi loai ion trong dung dich
Zi la dién tich ion.
Vi du:

Tinh lyc ion cta dung dich chita 0,1 M KHZ 04 0,2 M K2iIP04va 0,4 M KCI. Hoat
dd cta ion K* trong dung dich nay la bao nhiéu?2

Giai: Nong do cua cac ion trong dung dich la:
[K4=0,1 +0,4+0,4=0,9 M
[Cl-]=04 M
[HP04]1=0,1M
[HPO/-]1=0,2M

Luc ion cta dung dich:

| = -2(0,9. 12+04. 12+0,1.12+0,2.29 =1,1
Hé sd hoat do cla ion K+
-igf=-124 G =05244 —f= 0,3

Hoat d6 ion K+rong dung dich:
a=f.c =03.09=0,27TM.

1.5. Su dién ly ca nwéc - Tich sé ion clia nwéc - pH
Nudc la chat dién ly rat yéu
HD < H+ +  OH-

Hang s6 dién ly cta nwdc & 25°C:

K z=iM1i12MJ= 1,8.10-16 [H2] * 55,5mol/l
[HD]
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T d6: Kn—[H+4 [OH ] —55,5.1,8.10 16—10 4 goi la tich s&"ion cla nuwéc

Nhu vay trong nuéc [HH = [OH~] = 10-7 mol/1

Trong dung dich nuéc bat ky nong dé ion H+hay OH" c6 thé thay doi nhung
tich s6 néng do cta ching ludn ludn bang 10-14 mol/L.

Pé dac trung cho db acid, base hay trung tinh ciia modt dung dich nguoi ta st
dung mot dai lvgng goi la pH

pH =- Ig [H4
Nudc nguyén chat co [HH = 10-7 pH =7
Dung dich acid co [HH > 10-7 pH <7
Dung dich base co [OH-] > 10-7hay [HH < 10-7 pH > 7

Nguoi ta con dung dai lwvgng pOH véi quy udc:
pOH =-1g [OH]
Ta lai co: [HHJOH~]=Kn  Né&u lay-Ig cla 2 véua ky hiéu-lgKn=pKn
-Ilg[H*]-Ig[OH ] =-lgKn=pKn  hay
pH +pOH =-Igl0~U=14
Nhuw vay cé thé tinh pH cla mot dung dich khi biét pOH clia né:
pH =14 -pOH

1.6. Chat chi thi pH
Céac chét chi thi pH la cac chat co6 mau sic thay ddi phu thudc vao pH. Ching
thuong la acid hay base hitu co yéu ma dang phan tlr va dang ion c6 mau khac nhau.
Vi du:
M6t chét chi thi pH 14 acid thi trong dung dich c6 can bang phan ly:
Hind 2> H+ + Ind-

Mau dang phan t Mau dang ion Khoang chuyén mau
Phenolphtalein khéng mau hong 8-10
Bromothymol xanh vang xanh 6,2-7,6
Quy tim hong xanh 5-8
Methyldo héng vang 4,4-6,2
Methyl da ca-lr;1 da cam vang 3,1-4.,5

Pai lvong ddc treng d6i véi moi chét chi thi pH 14 khoang chuyén mau cla
chét chi thi. D6 1a khoang pH ma chét chi thi bat dau chuyén tr mau nay sang
hoan toan mau khac (tv mau dang phan tl* sang mau dang ion).
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Vi du:

V6i methyl dé thi 6 pH <4,4 c6 mau héng (mau dang phan tk)

& 4,4 <pH < 6,2 mau hong chuyén dan sang vang.

¢pH >6,2cd mau vang (mau dang ion).

St dung chat chi thi pH thich hop c6 thé danh gia so bd pH clia mot dung
dich trong khoang nao.

Vi du:

- Néu nhoé phenolphtalein vao mot dung dich thdy xuét hién mau hong thi
chirng té dung dich c6 pH > 8.

- NEu nhd methyl d vao mot dung dich thdy xudt hién mau héng thi dung
dich c6 pH nho hon 4,4. Néu cé mau vang thi pH cta dung dich Ién hon 6,2.

Pé xac dinh pH béang céac chét chi thi mau pH mot cach chinh xac hon nguoi
ta thwong dung dung dich chi thi tong hop. D6 la moét dung dich chira nhiéu chat
chi thi pH c6 cac khoang chuyén mau khéac nhau va do d6 né sé c6 mot mau xac
dinh 6 mot pH xac dinh. Nguoi ta cling dung gidy do pH la gidy da tdm chat chi
thi tdng hop.

Khi do pH nguoi ta nhd mot vai giot chat chi thi tong hgp hay nhing mot
méu gidy do pH vao dung dich can do rdi so mau v6i modt thang mau twong ¢ng
voi nhirng pH khéac nhau. Vi du:

pH 3 4 5 6 7 8 9 10
mau bo b6 da cam Da cam vang vang luc xanh luc xanh tim

VGoi nhitng thang mau chi tiét hon nguoi ta c6 thé xac dinh dwoc pH véi do
chinh xac dén 0,5 hodc 0,2 don vi pH.

2. ACID VA BASE

2.1. Thuyét proton vé acid - base clia Bronsted (Bronstet 1923 - Dan Mach)

Theo Bronsted acid la chat cé khda nang nhvong proton, base la chéat cé
khd nang nhan proton:

CH3COOH <* H+ + CH3COO
NH/ = H+ + nh3
R-Niy <> H+ + r-nh?2

Hay tong quat ta co:
HA <é H+ + A-

Mot acid HA khi phan ly cho ra proton va mét base A"
HA/A' dugc goi la mot cap.acid.-.base. lién hop.
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2.2. Thuyét electron vé acid - base clia Lewis (Liuyt)

Acid la chat c6 khd nang nhan cap electron con base la chat cé kha nang
cho cap electron.

H  (HC1) OH' (NaOH)
H+ :0:H
H
R—N: + H+ — R —NHg
H

Theo dinh nghfa cla Lewis thi nhitng phan (*ng khéng c6 sw trao d6i proton cling
thudc loai phan (*ng acid - base.

Vi du: F H F H
F-B + N—H — F-B-N-H
I | .
F H F H

Thuyét Lewis thuong duoc st dung trong hoa hoc hiru co.

2.3. Suw dién ly cta acid va base trong nwéc

HC1 -> H+ + Cl-
CH3COOH H+ + CH3COO-
Vi ion H+cd thé tich nhd nén mat do dién tich Ién do d6 nd cé thé tham gia
vao twong tadc vdi cadc phan tir nuéc tao ra ion hydroxoni HgO+ Vi vdy phan tng
phan ly cta acid thvc chat la phan ¢ng cla né véi nuéc

HC1+H2 > HP+ + Cl-
CH3CO00H + HAD <> HIP+ + CH3COO-
HA+H2 HD+ + A

Tuy nhién dé don gian nguoi ta van viét
HA H+  + A"

va hang s6 dién ly van duoc tinh bang biéu thic: Ka= » [HA/\\] A

Tuwong tv nhw vay sw dién ly cia mot base la phan (ng cta nd véi nuwdc dé tao
ra ion OH~.

Vi du:
NH3+ HD 4 NH/ + OH*“

CH3COO0O-+ HA <> CH3COOH + OH"
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va hang sd dién ly dwoc tinh bang biéu thic: Kb= niM[II\}HJ J

Pé thuan lgi nguoi ta con dung dai lvong pKa va pKbvéi quy wéc:
pKa=- Ig Kava pKb=- IgKb
Gitra Kj, va Kb (hay pK. va pKfc) clia mot cap acid - base lién hgp c6 maoi lién
hé sau day:
KaK"MK *
pK, + pKb = pK,, = 14

Vi dut
Dai vai cap CHiCOOH/ CH3COO-
Sudién iy cua acid CH3COOH + CH3COO~
K IHH ICHE00-1
[CH}COOH]

Su dién ly cua base lién hop
CH3COO-+ HjO ?=>CH3XCOOH + OH-
K _ [0H~] [CHjCOOH]
b~ iCH3C00'J
T dé Ka Kh=[H44[OH-] =Kn hay pKa +pKh=pKn=14
Chu y: d6i voi mot cap acid —base lién hgp dang acid cang manh thi dang
base lién hop cang yéu.

BANG 6.1. HANG s& PIEN LY K, VA pKaCUA MOT sé ACID YEU

Pz -1~ T8N g@axit Codng thirc phéan tir K, pK.
a. oxalic HOOC-COOH 7,5.10-2 1,27
5,4.10-5 4,27
a. phosphoric hspos 7,5.10-3 2,13
6,2.10-% 7,21
2.2.10-12 11,66
a. malonic hoocchZcooh 15103 2,83
2,0.10-6 5,70
a. salicylic 0- HOCsH4ACOOH 1,0.10-3 3,00
a. fumaric HOOCCH=CHCOOH 9.0.10-4 3,05
3,0.10-5 5,52
a. citric HOOCCH2C(OH)(COOH)CH2COOH §.0.10-4 3.10
2.0.10-5 4,70
4,0.10-® 6,39
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a. flohydric
a. nitro

a. malic

a. formic
a. lactic
a. benzoic

a. sucinic

a. acrylic

a. acetic

a. caproic
a. butyric

a. isobutyric
a. propionic

a. carbonic

a. sulfuhydric

a. hypocloro

a.cyanhyric

a. phenic (phenol)

BANG 6.2. HANG s&'PIEN LY KbVA pkbCUA MOT SO BASE YEU

Tén Bazo
diethylamin
ethylamin
n-butylamin
methylamin
amoniac
hydrazin
hydroxylamin
pyridin
anilin

ure
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hno:

HOOCCH(OH)COOH

HCOOH
CH3:CHOHCOOH
CeHCOOH

HOOC(CH22COOH

chZ2chcooh
CH3COOH
CH3(CH24COOH
CH3(CH22COOH
(CH32CHCOOH
chschZooh

h2cos

hZs

HCIO
HCN
CeH50OH

Cong thirc hoa hoc

(Czh52nh

cz2hsnh2

CH3(CH2)3NH:

chzanh?2
nhs
han-nh2
h2noh
csh5n
cshsnh2

(NH2)2CO

6,5.10-4
4.5.10-4
4.0.10-4

8.0.10-6
1,8.104
1,4.10-*
6,5.10-5
6.3.10-5
2.4.10-®
5.5.10-5
1,8.10-%
1.6.10-5
1510-s
1.4.10-5
14105
4.3.10-7
5.6.10-u
1,1.10-7
1.0.10-14
3,1.10s
4.9.10-10

1.0.10-10

Kb
9.6.10-4
4.26.10-4
4.1.10-4
3,7.104
1,8.1 05
1,7.10-®
1,1.10-®
1.7.10-9
3.8.10-10
1.5.10-14

3,19
3,35
4,39
5,10
3,74
3,86
4,19
4,20
5,63
4,26
4,76
4,81
4,82
4,85
4,85
6,37
10,26
6,96
14,00
7,51
9,31

10,00

pKb
3,02
3,36
3,39
3,43
4,74
5,77
7,97
8,77
9,42
13,82



2.4. pH clha dung dich acid manh, base manh
e Acid manh phan ly hoan toan trong dung dich:
HPA -> nH+HAnR
c. [HI =n.Ca
pH =-1g [HH=-1g n.Ca
Vi du:
Tinh pH cua dung dich HoS04 O.06M:
pH =- 1g 2. 000 =1
» Base manh phén ly hoan toan trong dung dich:
B(OH)n—nOH'+ Bnt+

chb [OH-] =n.Cb
_ K KT'4
(4= [OH-] n.c

pH =- Igﬂ’w: 14 + Ign.cb
n.cb

Vi du:
Tinh pH cta dung dich Ba(OH)., 0,01M
pH =14 +1g 2. 0,01 = 12,3
Cha y: cling c6 thé tinh pH nhu sau:
Tw [OH'j tinh dwoc pOH va khi d6 pH = 14 —
Trong vi du trén pOH =-1g2.102= 17
pH = 14-1,7 = 12,3

2.5. pH cua dung dich axityéu
Trong dung dich, acid yéu phan ly theo phuong trinh:
HA < H+ + A-
ca [HH=7?
= ltn [A"l
[HA]
Lvu y rang [H4 =[A], [HA] = Ca- [HH. Thay vao biéu thirc Ka

K= g -fH
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Giai phuong trinh bac hai nay ta duwgc [HH va tinh dugc pH.

Kinh nghiém cho thdy khi Ca khéng qua nhd (khéng nhd hon 0,01) va Kj
khong qué Ién (khéng Ién hon 10-4) thi cé thé coi Ca- [HH « Ca

Tw dé [H¥]="C ,
pH=-Ig [H] =1i(- IgK, - IgCJ
pH =i (pK.- IgC.)

Vi du:
Tinh pH cla dung dich acid acetic 0,01M biét pKa= 4,76

pH = —(4,76 —g 10-2) = 3,38

2.6. pH cta dung dich base yéu
Trong dung dich, base yéu phan ly theo phwong trinh:

B + HXD <» BH+ +OH-
ch [OH-] =2  [HH] =?
K _ [BH+] [OH-]
[B]
Lwruy rang [BH4H = [OH-], [B] = Cbh- [OH-]. Thay vao biéu thitc Kh
_ [OHJ,
cb - [OH-]

Gidi phuvong trinh béc hai nay ta dugc [OH-] va tinh dugc [HH va pH.
Trong trwong hop gan ding coi Cb- [OH-J«c b
[OH-] =
104

[H4 =

pH=14-i(pK,-1gCh

Vi du:
Tinh pH cuta dung dich anilin néng d6 0,01M biét pKb= 9,4

pH = 14- —(9,4 - Ig 109 = 8,3
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3.Sy PIEN LY CUA CAC ACID HAY BASE YEU NHIEU NAC

D6i véi nhitng chat dién ly nay vi du: HP 04 H2C03 Pb(OH)2>.. thi su dién ly
trong dung dich gdbm nhiéu ndc va moi ndc c6 mot gia tri K dién ly twong tng.

Vi du:
h3o4 H+ + h2o04 Kx
h2o4 H+ + hpo & k2
hpo 4 H+ + Qo k 3

Hang s6 dién ly Kj thudng c6 gia tri 16n gdp hang chuc ngan 1an so voi K2 vi vay
trong nhirng tinh toan théng thudng ngudi ta chi cht y dén ndc phan ly thi nhét.
Vi du:
Tinh pH ctia dung dich H2 030,1M. Trong dung dich c6 can bang dién ly sau day:
H2C0 3 H+ + HCO3 Kj=43.107 ~ = 6,37

HCO3 < H+ + CO2 K2=5,6. 10“n pK2=10,26
H2 H+ + OH- Kho=104

Vi Kt » K2 Ki » KHo nén c6 thé coi [HH] do HC03 va H2D phan ly ra
khong dang ké so voi [H4 do ndc thit nhat cla H2Z 03phan ly ra.
Khi d6 ap dung cong thirc tinh pH cuta dung dich acid yéu mot néc, ta co:
pH = - (p K, - IgCa) = - (6,37 - Igicr) = 6,38
Chay: Trong truong hop tdng quat, dé tinh chinh xac ndng do cla ion H* trong dung
dich taphai Iap hé 5 phuong trinh
[tTHHCQ X
[H2ZCOJ
m ic”™i n
[HCOJ
[HH[OH-]=KHO=10-“ ©)
Theo tinh chat trung hoa dién tich ta co:
[HH = [OH"] + [HCO3] + 2[C03R] 4
Theo tinh chat bao toan néng do ta co:
[0,1] = [HZCOJ + [HCO3 ] + [CO2 ] ®)
Giai hé phwong trinh 5 an s6ta duoc cac gia tri cla
[H4, [OH-], [HCO3], [CCV1], [HX 0]
T nhitng nghién ctru vé dwong cong chuan do cta acid nhiéu nac cho thdy nong
dd cda cac ion trung gian Ion nhat & gia tri pH bang trung binh céng hai pK cén ké.
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Vi du:
H® 04dién ly 3 ndc nhu sau:

H®P04E H P04 = HPO0L = P04
-H+ H+ -H+

Dang ion HP042-c6 néng dd 16n nhat & pH = —(pK2+ pK3

4. Sy DIEN LY CUA CAC AMIN ACID

Cac amin acid & dang proton hoa hoan toan (toan bd cac nhém -NH2déu
chuyén thanh NH3# la nhirng acid yéu nhiéu ndc phan ly.

Vi du 1:

Xéc dinh dang déng dién va pHi cda glycin

Glycin phan ly nhv sau:

CH2 COOH CH2COO- + H+ CH2COO- + H+
| -H+ | -H+ |
NH3+ nh 3+ nh?2

(A) (B) (®)

Dang (B) trung hoa dién (lwdng cuc) duoc goi 1a dang déng dién cada glycin.
Khi pH = —(pK! + pK2 = - (2,34 + 9,6) = 5,97

glycin tdn tai chi yéu dwdi dang déng dién. pH d6 goi 1a pH dang dién caa glycin,
ky hiéu pH,.

& nhirng pH < pHi glycin ton tai du¢i dang cation (A), con & nhirng pH > pHj
no tén tai dudi dang anion (C).

Tuy thudc vao ban chdt va sé luong cac nhém chirc moi amin acid cd pHi khac
nhau (bang V) va & mot pH xac dinh n6 ton tai wu tién dwdi mot dang nhat dinh.

Vi du 2:

pKi pK~
HN+(CH24CH cooh » H:N+(CH24CH coo0- << HN+(CH24CH coo-
NH3+ NH3+ pK3 Il NH2 ©
H2N-(CH2'ch cocr
I
nh2
(A) (B) (D)

Dang (C) la dang dang dién, vay

pH, =[(pKa+pK3)=(8,95 +10,53) =9,74



BANG 6.3. CAC GIA TRI pKAVA pH, CUA MOT s6 AMIN ACID R-CH-COOH

Tén amin acid

alanin

arginin
aspartic
cystein

glycin

leucin

lysin
serin

threonin

tyrosin

-R

ch3
v

han-c-nh-
hooc-ch2
hs-ch2
H -
chs

\ ch-ch2
chs
hsnm ch 24
ho-ch2
CH3-CHOH-

HO choa-

5. pH CUA DUNG DICH MUOI

Trlr cAc mudi tao bdi acid manh va base manh, vi du NaCl, NaZx 04.. khi tan
trong nwdc cho pH = 7, cac mudi con lai ¢ thé cho nhirng pH khac nhau tuy thudc
vao ban chat cia mudi. Nguoi ta thwong noi cAc mubi do bi thuy phan. Vay thuc
chdt cla sv thuy phan la gi?

Dung dich cac mudi nay thwc chat la dung dich acid hay base theo Bronsted.

Vidu:
NHACL -> NH/ + Cl-
CH3COONa -> CH3COO- + Na+
lon NH/ la mét acid nén trong dung dich phan ly theo phan @ng:
NH/+H2 <> NH3 + HD +

pK. pK.
-COOH -NH,+
2,35 9,69
2,17 9,04
2.09 9,82
1.71 8,90
2,34 9,60
2,36 9,60
2,18 8,95
2,21 9,15
2,09 9,10
2,20 9,11

pK.
R

12,48
3,86
8,50

10,53

10,07

pH,

10,76
2,98
5,02
5,97

5,98

9,74
5,68
5,60

5,67

lon CH3COO- 1a mét base nén trong dung dich phan ly theo phan &ng:
CH300- + HD <>

Vi vay pH cla cac dung dich nay dwoc tinh theo cac cong thirc:

pH =i (pK, - 1gC,)

pH = 14- |

CH3COOH +

(pKb._-_lgCw

OH-
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Vi du:
Tinh pH cta dung dich (NH425040,05M. Biét pKj" = 4,76
Ca=[NH4 =2 0,05=0,1 M
PAnh4 —4 ~ P\NH, - 9524

pH =i (9,24-1g0,l) = 5,12

Vidu:
Tinh pH cta dung dich HCOONa 0,01M. Biét pKHOH = 3,76.
cb=[HCOO-] =0,01 M
PHOOO- = 14 —pKHXOH = 10,24

pH = 14- - (10,24 - 1g0,01) = 7,88
Bai voi dung dich mudi tao bédi mot acid yéu va base yéu thi pH khdng phu thudc
vao nong dé mudbi ma chi phu thudc vao pKa va pKbcua acid va base tao ra mudi do

pH =1(14-pK k+ pK,,

Vi du:
Tinh pH clta dung dich NHAN 02biét pKNH = 4,76 va pKNb2= 3,4

pH = —(14 - 4,76 + 3,4) = 6132

Vi du:
Tinh pH cla dung dich NH4ACN biét pKj» = 4,76 va pKHN= 9,31

pH = —(14 - 4,76 + 9131) = 9’27

Dé di dén cong thirc tinh pH cla loai mudi nay ta lay lai vi du mudi NHAN02
Trong dung dich mudi nay c6 mat dong thoi ion NHj la mot acid va NO2 la mot
base va can bang sau day:
NH/ +NOf=NH3+HNO02
va ton tai 2 cap acid - base lién hop: NH4*INH3va HNO2/N 0 2~c6 cac hang sd'acid twong
tng la Ki va K2
Lr_[H+I[NH,J
.

m fr

K= (HH[NO;j
(HNOJ
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Theo phan ng trén khi can bang ta co: [NHj4 =[NO2] va [NHJ = [HNOJ
Tw do:

[H'f =K,.K2
Va pH = —(pKj +pKi)

Néu thay pKI =14- pKNH (pKMNH lapK cla base da tao ra mudi NHjNO.J ta co:
pH= Y (14- pKh+pKJ
DBdi véi dung dich mubi cla cac acid nhiéu néc

Vi du:
Tinh pH cua dung dich NaHC030,1M

lon HCO3 la m6t acid theo Bronsted
HCO3 < H++COI" v6i pKa= PKHGJ = 10,2
lon HCO03'cling la mot base
HCO3 + HpO <EH2C03+ OH V6i pKb= 14 - pK|Hem, 7,63
Vi pKa> pKbcho thdy HCO3 thé hién tinh base manh hon tinh acid va do dé
pH cla dung dich mudi nay c6 pH >7.
Pé tinh pH cda dung dich mu6i nay ta lwu y rang trong dung dich ton tai hai
cap axit-bazo lién hop: I"ccv HCO3 c6 pKj va HCO3/CO3 cb pK2
T do:
pH = —(pK, + pK2 = - (6,37 + 10,21) = 8,31

6. DUNG DICH PEM

6.1. Binh nghTa:

Dung dich dém la dung dich c6é pH thay d6i khong dang ké khi thém vao do
mot it acid, base hay khi pha lodng chang.
6.2. Thanh phan ctia dung dich dém va co ché tdc dung dém

MOt hé dém c6 thé gébm nhitng chéat sau:
CH3COOH + CHgCOONa

NaHCO +  Na2COy
NHACi + NH,
acid =+ base lién hop
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MOt cach tong quéat trong hé dém cé mat dong thoi voi mot twong quan dang
ké cua hai dang acid va base cla mot cap acid - base lién hgp. Nghfa la trong
dung dich dém luén ludn ton tai can bang:

HA < H++ A-

Vi vay khi thém vao dung dich dém H+can bang trén sé chuyén dich theo
chiéu nghich tao ra acid dién ly yéu HA. Nguoc lai khi thém base (OH*) hay pha
lodng, ndng do H+bi giam xudng thi ddng thoi can bang sé chuyén theo chiéu
thuan dé tao thém H+va do dé pH khong bi thay doi.

6.3. pH cua dung dich dém
Gia sir dung dich dém gom acid HA v&i nong do Ca va dang base lién hop A~
(vi du NaA) véi ndng do Cb. Hang so"dién ly cla acid 1a Ka. T can bang dién ly:
HA H++ A-

acid base lién hop

Ka= [H+] [A ] tvr d6 [H4] = Kaigr1
[HA] [A-]
H = pKa+ Igh—2
p p g [HA]
Vi HA la mot acid yéu, s6' mol phan ly khéng dang ké nén c6 thé coi nong do
lGc can bang [HA] « Cava [A-] « Cb

pH = pKa+Ig “
Mot cach tong quat pH cla dung dich dém:
o = pra+ lgie en
[acid lién hop]

Phuong trinh trén duwgc goi la phwong trinh Henderson- Hassellbalch
(Hendoson- Haxenban)

Luruy: Ty sé ndong d6 3dse '_igzn-"-")l-cﬂng la ty s6 mol clGia base lién hop va acid
[acid lién hgp
lién hgp trong dung dich dém.
Duva vao phuong trinh Henderson- Hassellbalch ta co thé:
*Tinh pH ctia mot dung dich dém néu biét pKa, [A-], [HA]

Vi du:

Tinh pH cla dung dich dém gém: 100ml dung dich CH3COOH 0,1M va 50m]
dung dich CH3COONa 0,4M.

pH = 4,76 + Ig L7052 4] gy
01 0,1]
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. DPiéu ché duoc nhitng dung dich dém c6 pH khac nhau bang cach thay déi
ty s6 nong do dang acid va base lién hop.
Vi du:

T cac dung dich NaHoPO.! va Na.iHPO.i c6 ndng dd mol bang nhau phai ldy
ching theo ty Ié nhw thé nao dé cé dung dich dém pH = 7,5.

[HPOJ-]
H = pK2HRo4 + |
P PK2] J [H2P 04]
[HPOfj_ = =75-7,21=0,29
[H2po:] f 2HP<
[HPQj ] .néng  ciling la ty & thé tich hai dung dich

[H,PO~]

Nhu vay phai ldy hai thé tich Na,HP04va mot thé tich NaH2P 0 4

Kinh nghiém cho thdy dé dam bao mot dung dich dém cé kha nang dém tot
thi ndbng dd cia mot dang nay (acid hay base lién hgp) khong nén gdp qua 10 lan
nong dd cla dang kia. Diéu do cling cd nghfa la mdét dung dich dém cé kha nang
dém t6t trong khodng pH = pKaxz 1.

. Tinh duoc Kahay pKacua acid tao ra dung dich dém néu chi dong biét ty so6
nong do base lién hop/ acid lién hop va pH cla dung dich dém.

Vi du:
Xac dinh pKa cla acid lactic (CH3CH(OH)COOH) biét dung dich chra 0,01
mol acid lactic va 0,087 mol natri lactat (CH3C(HO)HCOONa) c6 pH = 4,8.

PH = pKa+ Ig [lactat]

[lactic]
pKa= pH - Lactat] 48- g [0.087] _ 3 86
[Iactl c] [0,01]

6.4. Dung dich dém cé pH va luc ion xac dinh

Trong nhiéu thwc nghiém, dac biét la trong phwong phap dién di hay trong nghién
clru dong hoc cac phan (ng enzym nguoi ta can nhiing dung dich dém cé pH xac dinh
nhwng dong thoi cd luc ion xac dinh.

Vi du:
Can pha dung dich dém phosphat copH =7 va luc ion | =0,1.
Goi: Nong d6 clia KHZ2? 04trong dung dich dém la x
Nong do clia KHP04trong dung dich dém lavy.
ta co luc ion:
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= - ([K+ 12+ [HP 04l I*+[HPO/-3.2) =0,

= —(x+ 2y +x+ =02

T dé X +3y =0,1 hay x =0,1- 3y.
Thay gia tri cia X vao phuong trinh Henderson- Hassellbalch voi pKa= 7,2 (Kala
hang so*dién ly cia acid H-iPOf)

pH =pKa + Igi

17=72+ |g-(0 1-3y)

Tw dé rat ra y =0,021 X =0,037.
Nhw vay muén c6 dung dich nay thi ty s6 nobng d0 KH2P 04 va KyiP04trong dung
_ .. 0,021
dich phai la
0,037
6.5. Hé dém trong co thé

Trong co thé c6 hai hé dém quan trong:

e Hé dém phosphat HZ04 < H++ HPO4 trong té bao chat
« Hé dém bicarbonat H2203 < H++ HCOs3 trong méau
C02 Cco02 hxo3 H++ HCO:
-h2
phé nang hoa tan mau

7. DUNG D|CH CAC CHAT DIEN LY MANH iT TAN. TICH s6 TAN

Mot s6' chat la nhitrng hop chét ion nhwng rat it tan trong nwéc. Vi du: AgCl,
BaS04 BaCO03 Pbl2 Mg(OH)2 Fe(OH)3... Tuy nhién nhitng phan tir da tan thi
ching lai phan ly hoan toan thanh céac ion. Nhitng chat dé dwoc goi la cac chéat
dién ly manh it tan.

Trong dung dich bdo hoa cha cac chdt nay ludn ludn ton tai mot can bang
gilra trang thai ran va cac ion hoa tan.

Vi du:

boi voi AgCl:

AgClIr Ag+ Cl-
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Héang s6 can bang cha qua trinh nay duoc goi la tich so tan cta AgCl va duoc
ky hiéu la TACL
TAL =[AgH4. [CL]
Mot cach tong quéat, doi véi mot chat dién ly manh it tan AnBn:
AnB,, mAN+ nBm

Ta co: Tab = [AnT - [BmT

Vay: tich s6 tan ctla mot chat dién ly manh it tan la tich s6 ndng dd cac ion cla
né véi s6 ma bang hé sd'ty lvong trong phan tir trong dung dich bo hoa chat do.

Vi la hang s6 can bang nén tich sé'tan chi phu thudc vao ban chét cta chit va
nhiét do. Tich sé tan cta mot s6 hop chat trong nuéc cho 6 badng 6.4.

BANG 6.4. TICH s TAN CUA MOT SO CHAT BIEN LY 6 25°c

Chat dién li Tich sé tan (T) Chat dién ly Tich s6 tan (T)
AgCl 1.78.10-10 CaSo0:. 9,1.10-®
AgBr 5.3.10 : H, . SO. 6 .2 w0 7
Agl 8.3.10. i AQ.S 0. 7,7.10 :
AgCN 1.4.10. . AI(OH), 1.9.10. -
AgSCN Lt et -2 Cu(OH,. 5,6.10 2o
Ag.CrO0. 9.10. ., Fe(OH)s 3,8.10 s
Ag:PO0. 1.8 .10 18

HgCl. 3,5.10 s Fe(OH,. 7.9.10
Pbl. 9,8.10-® Mg(OH,: 7,1.10 .,
PbCl. 1,710s Zn(OH,. 3.10 =
BaCO0:; 5,1.10-® Cus 6,3.10 56
CacCo:; 4,8.10-* FeS s .10 10
MgCOa 1.0 -s PbS 3.10. 2
BaSO0. 1,1.1CT, ZnS {2 .0 23

Nhuv vay tich s6 tan cho biét khd nang tan cla mot chat dién ly it tan. Chéat co
T cang l6n cang dé tan.

Khi biét tich s3"tan cla mot chat & nhiét dd nao doé co6 thé tinh duoc do tan s
cta chdt (S dwoc tinh bang sd' mol chét tan trong 1 lit dung dich bdo hoa chét do).

Vi du:
Tinh do tan cla BaS04trong nwéc biét T & nhiét do 25°c la 1.1.10~10
Goi s la dé tan cla BaSO,,. Ta co:
BaS04 - Ba2t + so/-
s mal/l smol 1on/1 Smol ion/l
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s mol BaS04hoa tan phan ly hoan toan thanh s mol ion Ba2va S04.
[Ba2] [SO/-] =S. s = TR

s=Vt=vn .10-10= 1,05.10-5mol/1

MOt cach tong quéat véi chat dién ly manh it tan AnBnthi d6 tan s duwoc tinh
theo cong thirc:

TaB

m" .’

Biét tich s3'tan co thé xac dinh dwoc diéu kién dé hoa tan hay két tia mot chat:
Mot chat sé két tha khi tich sé ndng dd cac ion ctia n6 trong dung dich Ié¢n hon

tich s6 tan va nguoc lai n6 sé con tan khi tich s6 néng dd ion ctia n6 chwa dat dén
tich so tan.

S = m+n.

Vi du:
K&t tia Pbl2cod tao thanh khdng khi tron 2 thé tich bang nhau dung dich

Pb(N03)20.01M va Kl 0,01M. Néu pha lodng dung dich KI 100 lan réi tron nhu
trén co két tha khong? Biét T = 9,8.109

Pb2++ 21- < PbIl2
Nong dd cac ion sau khi tron:

[Pb24 = [I-]] = 5.10-3 mol/1

[Pb24, [I-]2= 1,25.10“7>T Vi vay c6 két tha duoc tao ra.
Nong do Kl sau khi pha lodng la 104 mol/1.
Nong dd cac ion sau khi tron:

[Pb24] = 5.10-3 mol/1 [11= 5.10-5 mol/1

[Pb24q. [112=1,25.10-u <T  Vivay khdng co6 két tha duoc tao ra.

8. Sy PIEN LY CUA PHUC CHAT TRONG DUNG DICH - HANG sé
KHONG BEN
8.1.Khai niém vé phic chat

Trong dung dich, mot s0"ion kim loai c6 thé két hop véi cac anion hay phan ti
trung hoa tao ra nhirng t6 hgp mai goi la phirc chat.

Vi du:
Fex + 6CN- — [Fe(CN)g4
Cu+ +4NH3 — [Cu(NH342+
Co3+ + 2NH2C H4NH2 -V [Co(en)

ethyten-diamin=(en)
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Cuzt+ 2NH2CH2COOH -» [Cu(gly)d + 2H+
glycin (gly)
Ni2++ 2H,0 + 2CD £ - [Ni(CD 42AHD ) A2

Nhiéu phtrc chat pho bién trong tv nhién va déng vai tro quan trong trong cac
qua trinh sinh hoc.

Vi du:
Hemoglobin cia méau la phttc cla Fe2+ clorophil clia cdy xanh la phirc ciia Mg2+
Phan (ng tao phtrc c6 ¢'ng dung rong rdi trong phan tich hoa hoc va trong
diéu tri (phvong phéap phan tich complexon, diéu tri nhiém doc chi...).

8.2. Cau tao cla phtrc chat

Phirc chat thwong gom hai phan: cau ndi va cau ngoai.

Vi du:
KJFeiCN)"] kali hexacyano ferat (1)
[Cu(NH3J SOJ tetraamin dong(ll) sulfat

Cau ndi duoc viét trong ngodc vudng va thuong la cation hodc anion
[Cu(NH3J 2 [Fe(CN)g4*. Phirc c6 cau ndi trung hoa thi khdéng c6é cau ngoai, vi du
[Cu(gly).].

lon kim loai ndm trong cau nodi dwoc goi la hat tao phtc (ion tao phtc) hay ion
trung tam va thuong la ion cta cac kim loai chuyén ti€p nhu: Fe2: Fe3+ Co3%
Ni2: Cuz+..

Cac phan tr hay anion lién két voi ion trung tam goi la cac phdi t&r hay ligan.
Cac phoi tlr c6 thé c6 mot hodc nhiéu cap electron chwa chia sé, vi du: NH3 HD;
OH-; C1-; HAN-C2H4NH?2..

lon trung tam va phdi ti lién két véi nhau bang cac lién két phdi tri.

SO orbital trong cla hat tao phtc (nguyén t hay ion kim loai) da lai hoa,
duoc goi la s6 phéi tri cta kim loai.

S6"cap electron chua chia sé cta phdi t¢ dwoc goi la dung lwvong phdi tri cua
phdi ti.

- Phdi tlr c6 dung lvong phdi tri 1 (c6 1cdp electron chwa chia sé) vi du: NH3;
H2; CN'; R-NH2.. con goi la ph6i tt monodentat (mot rang).

- Phdi t&r c6 dung lwgng phoi tri 2 (c6 2 cap electron chua chia sé) vi du:

CO L-; HAN- CH2COO~... con goi la ph6i tir bidentat.

- Tuong tw, ta c6 cac phdi tir da phdi tri hay polydentat vi du: anion EDTA;
polypeptid,...

Phirc chéat voi phdi tir polydentat (nhiéu rang) dwoc goi la phirc cang cua (hay
chelat).
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8.3. Cach goi tén cua phtic chat

Tén phitc chat duoc doc theo mot s& quy téc chinh sau day:
- Tén cation doc truéc, sau d6é dén anion. Phirc trung hoa dugc doc nhuw cau ndi

Vi du:
K/Fe(CN)g] kaki hexacyano ferat(l1)
[Cu(NH3JS04  tetraammin dong(ll) sulfat
[Cu(gly)J diglycin déng(O)

- Boc tén cac phoi tu:

+ Cac phdi ti la anion dugc thém dubi -o: Cl~- cloro, CH3COO~ acetato, CN~-
cvano, OH~ - hydrox...

+ Cac phdi ti la cation dwgc thém dudi -ium.

+ Céac phdi tlr trung hoa goi theo tén phan ti. Glycin, ethylendiamin... trir mot s6'
trvong hop: phoi tk la nwéc doc la aquo; NH3- ammin; co - carbonyl.

+Phtrc ¢6 nhiéu loai ph6i ti thi doc lan lwgt anion, phan tb, cation.

+Dung céc tiép dau di, tri, tetra, hexa,... dé chi s6 lvgng phoi t.

- Tén phirc c6 cau ndi la anion duoc két thic bang dubi at.

- S0 oxv hoa cla ion tao phitc dwoc ghi bang séLa ma dé trong ngoic don

- Kim loai trong anion phtrc dugc goi theo tén Latinh. Vidu:

S&t - fer; Bac - argen; Thuy ngan - mercur; déng - cupr,...

BANG 6.5. DAC DIEM CUA MOT s8' PHU'C CHAT

S6 .
lon phaK Tén goi Cdu trac oxy SNO ) Laiho4 Kko
hod ph&i tri
[Ag(NH3 F tetra amin bac théng +1 2 sp 6,8.10-8
[Ag(CN)J- di cyano argentat thdng +1 2 sp 1,0.10-21
[Cu(NH3JT" tetra amin déng vudng +2 6 spxd2 2.1.10-'3
[CufCNiJt- tetra cyano cuprat vubng +2 6 5.0.10-n
[FefCNitt hexa cyano ferat(ll) bat dién +2 6 sp3d2 4,0.10-3
[Fe(CN)<t Hexa cyano ferat(lll) bat dién +3 6 sp3d2 1,0.10
[ZnfNHJf tetraamin kém vudng +2 6 sp3d2 3,5.10-10
[ZnfNHJJ*- diamin kém thang +2 2
[CO(NHJJI3 hexa amin coban bat dién +3 6 sp3d2 6,0.10'%
[How- tetra iodo mercurat +2 5,0.10~3
[Hg(SCN)S- Tetra thiocyano mercurat +2 1,0.10-2
[Fe(C0O)J penta carbonyl sat luc dién 0 5 d*sp3

8.3. Hang sd khdong bén ctia phtrc chéat

Trong dung dich phttc chat phan ly hoan toan thanh ion phtrc (cau ndi) va ion
don (cau ngoai). Vi du:
K4Fe(CN)g -> 4K++ [Fe(CN)64
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Cha y: Mubi kép, vi du phén nhom K.A1(S0492khong gidbng nhuv phirc chat,
trong dung dich né phan ly hoan toan thanh cac ion don:
K.AL(S042- K++ Al3++ 2S04
Sau do6 cac ion phiic chi dién ly mo6t phan thanh ion trung tam va phdi to:
[Fe(CN>§4 = Fe2++ 6CN-
Hang s cin bang cha qua trinh dién ly mot ion phirc goi 1a hdng s6 khong
bén cla phtrc, ky hiéu la Kjfl,:
K _ [Fe/HCN']6
A [Fe(CN)6J4
Tuwong tw nhu cac hang s6 K,; Ki, ddc trung cho kha ndng dién ly cla acid va
base yéu, hang s6’Kjfl, ctia phtrc cang 16n thi phitc cang khong bén.
Hang s6 khong bén cia mot sé ion phtc cho & bang 6.5.
Su tao phttc ¢ dnh hwédng lén dén d6 tan cha nhitng chat dién ly it tan.
Vidu:

Tich s6 tan ctia AgCl bang 1,8.10~10 Tinh dd tan cta AgCl trong nugc. Néu hoa tan
AgCIl trong dung dich NH3IM thi d6 tan sé la bao nhiéu?Biét KKncua phic la 10-s.

AgCIl —<*Ag' +Cl~
Goi s la dé tan cua AgCl trong nuéc. Ta co:
s = =\1.8.10-a = 1.3.10-5M.

AgCl tan trong NH3do phan ng tao phtrc:
AgCl (r) + 2NH3 <=>[Ag(NHt)J + CI~
Hang s6can bang cla qua trinh nay:
[Ag(NH3iJ+iCrj [Ag(NHj)J+[cr J[Ag+J 1
[NH3]2 [NH3J2iAg+J Kk gd

K= 10s.1,8.10~w=1,8.10~2
Goi ndng do phirc [Ag(NH3Ii]* duoc tao ra la X thi ndng do Ci~ cliing bang X con nbng
do NH3la (1 - 2x). T do ta co:
g JAGINH3)ncrj _ %29 810% "Hairax =01 M
[NH3i (1-2x)

Xcling chinh la dd tan cta AgCl trong dung dich NH3 Gia tri nay Ién hon rat nhiéu
so voi do tan cla nd trong nwéc nguyén chat. Nhu vay su tao phirc lam tang do tan cla
mot chat dién ly kho tan.

9. PHAN UNG TRONG DUNG DICH VA PHUONG PHAP PHAN TICH
THE TICH

9.1. Pai cvong vé phuong phap phan tich thé tich

9.1.1. Ban chéat cta phuvong phéap
Dé xac dinh ndng do cla-mot-dung, dich,chat, A (goi la dung dich can chuén
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do), nguoi ta thém dan mot dung dich chat B (goi la dung dich chudn do) da biét
nong dd, vao mot thé tich chinh xac dung dich A cho dén khi hai chat phan (ng
vira d0 véi nhau. Tl thé tich dung dich chat B da st dung tinh dwoc nbng do
dung dich chéat A.

9.1.2. Sv chuan do, diém twong duong, chat chi thi

- Qua trinh thém dan dung dich chét B vao dung dich chat A goi la sw chuan do.

- Thoi diém dung dich chat A phan (ng vira da véi dung dich B goi la diém
twvong duong.

- Dé phéat hién diém tuvong duong (hay goi chinh xac hon la diém dirng chuan
dd) trong phwong phap phan tich thé tich nguoi ta thwong dung nhirng chat chi
thi khac nhau. D6 la nhitng chdt co6 mau sic thay d6i khi dat dén diém twong
duong (hay rdt gan diém tvong duong).

9.1.3. Tinh toan nong do
Trong phwong phéap phéan tich thé tich, nguoi ta st dung ndong dé duong lwong
gam va tinh todn theo biéu thirc cla dinh luat duvong lwong:

VAna=VBnb
VA Nava VB Nbla s8"dwong lugng gam clia chat A va chét B tvong ¢ng.

9.1.4. Sy phan loai cac phwong phap phan tich thé tich
Tuy theo ban chdt cta phan &ng gita A va B nguoi ta phan thanh:
+ Phueong phéap phan tich trung hoa.
+ Phuwong phap phén tich tao phtec.
+ Phwong phéap phén tich oxy hoad —kht.
+ Phuwong phap phan tich két tda.

9.2. Phuong phéap phan tich trung hoa

9.2.1. Cosé cua phwong phap
Phurong phap dua vao phan trng trung hoa:
H++ OH-—HX

dé xac dinh nong dd clia cac dung dich acid hoac base.

Dé thuc hién phép chuén do, vi du mot dung dich acid, ngudi ta thém dan mot
dung dich base da biét nong do (NB vao motthétich xéac dinh cla dung dich
acid(VA c6 ndong dd NAchuva biét cho dén khi cacacid vabase trong hai dung dich
phan *rng vlra du véi nhau. Biét thé tich VBda thém vao cé thé tinh duoc NA
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DEé phéat hién diém twong dvong nguoi ta phai dung nhitng chét chi thi acid-
base hay chi thi pH.

9.2.2. Budng cong chuén do acid - base va nguyén tac lva chon chét chi thi

Puong cong chudn do 1a dwong biéu dién sy bién d6i pH trong qua trinh chuén
do, tirc la trong qua trinh thém dan dung dich chuén vao dung dich can chuan.

Viéc nghién ctu dwong cong chuén do la co s¢ dé lwa chon chét chi thi trong
cac phép chuan doé khac nhau.

Purong cong chuan do ndi chung c6 dang chit S. Trén hinh 6.la, b, ¢ la mot 6"
dang dwong cong chudn dd trong nhirng treong hop chuan khac nhau. Trén céc
dwong cong nay ta nhan thdy & giai doan dau cla s chuan do pH cla dung dich
trong binh phan ng bién ddi mot cach tir tir. Nhung dén mot thoi diém nhat dinh
(gan va qué diém trvong duong mot chat) thi pH bi bién ddi dot ngdt thwong duoc
goi la buwéc nhady pH.

a) b) c)

Hinh 6.1. Cac dang duwong cong chudn dd acid - base

Nguyén téc cha viéc lva chon chéat chi thi 1a: ch&t chi thi phai c6 khoang
chuyén mau nam trong buéc nhay pH.

- Truong hop chudn mot acid manh bang mot base manh hodc nguoc lai
(hinh 6.1a) budc nhay pH tlr 4 -10. Vi vay cd thé chon methyl do (4,4 - 6,2) hay
phenolphtalein (8 —10).

- Trudng hop chudn mét acid yéu bang mot base manh (hinh 6.1b) buéc nhay
pH tir 8-10. Vi vay chi cé thé dung phenolphtalein.

- Tredng hop chudn mot base yéu bang acid manh hodc nguoc lai (hinh 6.1c)
buwdc nhdy pH tlr 6 - 4. Vi vay chi c6 thé dung duoc methyl do.

9.3. Phuong phap complexon
9.3.1. Cosd cua phuong phéap

Phuvong phap dua trén phan (*ng tao phtrc gilta ion kim loai v6i nhitng chat
complexon (thwong la nhing.amin.acid.-polycarboxylic) dé xac dinh ndong dd cla

10- HOAPAICUONG

145



ion kim loai khi biét néng do cta complexon. Vi du: complexon IIl. D6 la mudi
dinatri cta acid ethylen diamin tetra acetic (EDTA)

HOOCH2C ch2cooh
N N-CH2- CH2 N/
NaOOCH2X CHgCOONa
complexon Il (NaZ2H2Y)
Complexon 111 c6 thé phan (ng véi cac ion kim loai tao ra nhitng phtrc dé tan.
Vi du v6i ion kim loai hoa tri 2 Me2+c6 phan ng:
NaZH2Y+ Me2— Na2MeY + 2H+
Phan trng nay la co s& cua phuong phap complexon.
9.3£. Chat chi thiva cochéchuyén mau
Trong phwong phap tao phrc ngudi ta st dung mot sd'chdt mau hru co co thé

tao phirc véi cac ion kim loai. Cac chat nay c6 dac diém la dang phirc va dang tu
do c6 mau khac nhau. Mot trong s6'nhirng chat hay dung la Eriochrom T den.
ErioC + Ment—»ErioC—Me + 2H+
xanh bién hong tim
Phtc ErioC-Me khong bén bang phtc gitta complexon vai kim loai.
- Trwéc khi chuan do toan bd Eriochrom két hgp voi mot lwong nho ion kim
loai tao phirc ErioC—Me do d6 dung dich trong binh nén c6 mau hoéng tim.
- Trong qué trinh chuan d6 xay ra phan (ng gitta complexon v¢i ion kim loai
tv do trong dung dich dé tao phirc Na2VieY.
- Gan diém tvong duong, khi toan bd Men+ dad phan (tng hét, chi can du mot
giot complexon sé xay ra phan @ng:
Na2H2Y + ErioC-Me -» Na2VleY + ErioC
hong tim xanh bién
Nhu vay khi trong binh nén thdy mau hong tim chuyén thanh mau xanh bién
la diém két thac chuan do.

9.3.3. Mot s6 dac diém claphuong phap complexon
- Complexon ludn luén pha&n &ng véi ion kim loai bat ky theo ty Ié sé mol la

1:1. Vi vay duong lvong gam cia n6 bang "2 .

- Chaét chi thi ErioC c6 m6t mau xac dinh & mot pH xac dinh. Vidu & pH = 741
nd méi c6 mau xanh bién, con phtrc véi ion kim loai mdi c6 mau hoéng tim. Trong
khi d6 phan @&ng gitra complexon vo6i ion kim loai lai lam thay déi pH (tao ra H+.
Vi vay nguei ta phai thém vao dung dich chuan do moét dung dich dém, thwong la
dém amoni c6 pH « 10.
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9.4, PHUONG PHAP PERMANGANAT

9.4.1. Cos6 claphuongphap

Phuvong phap dua vao tinh oxy hod manh cta ion Mn04-trong mdi trvong acid

MnO,- + 5¢e + 8H+— Mn2-+ 4H2D

dé chuan nhiéu chat khr khdc nhau nhu: H2C20 4 Fe2+x HX 2...

9.4.2. Diém tuvong duong

Trong phuong phap nguoi ta khéng phai dung chéat chi thi vi ban than ion
Mn04‘cé mau hong tim. Trong qué trinh chuan d mau hong tim bién mét nhwng
6 gan diém twong duvong chi can duv mot giot cling lam cho dung dich trong binh
noén c6 mau héng tim. D6 la diém két thic chuan do.

CAU HOI Ty LUONG GIA

6.1.

6.2.

6.3.

6.4.

6.5.

6.6.

6.7.

Tich s6 ion cla nuwoc la gi? pH la gi? N6 cho biét diéu gi?

Tinh pH cta cac dung dich c6 nong do ion [H4 bang 102 10 "7 1C®; 3,1.'10-2;
9.10"8mol/1L.

Tinh pH cla cac dung dich sau:

H25040,05 M; HC1 0,001 M; NaOH 0,01 M; Ca(OHi20,02 M.

binh nghTa acid-base theo Bronsted. Trong nhiing chat sau day chat nao
la acid, base? Viét cac dang acid hay base lién hgop cla ching: NHACL
NH3 NaHCO03, CHSNH2; CH3COONa; HD; NaxsSo’; CBHENH3CL, NaN02
H2N-CH2COOH.

Duva vao dai lvgng nao c6 thé so sanh dugc do manh clia mot acid hay base?
Tinh do6 dién ly cta cac dung dich sau va rat ra nhirtng nhan xét:

CH3COOH 0,02M va CH3COOH 0,02M + CH3COONa 0,02M

CH3COOH 0,2M va CH3COOH 0,02M + CH3XOONa 0,2M

Sy dién ly ciia mot acid yéu, cong thirc tinh pH cta dung dich acid yéu biét
nong d6 Cava pKa. Tinh pH cla cac dung dich:

CH3COOH; HCOOH: HNO02Z NaHZPO.,; HCN c6 néng dd 0,01 M.

Suy dién ly ca mot base yéu, cong thirc tinh pH cla dung dich base yéu biét
nong dd cbva pKb. Tinh pH cla cac dung dich:

NH3 CHSNH2 CEHSNH2 NH20H ¢6 ndng dd 0,01 M.

DPinh nghfa dung dich dém, thanh phan cGa moét dung dich dém (tdng quat).
Hay giai thich co ché tac dung dém cua cac dung dich dém sau:

a) Phosphat NaHZ2P 04NazH P04

b) Carbonat NaHCo ¥Na2Cos.

¢) Amoni NH4AC1/NH3
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6.8. Cong thirc tong quat tinh pH cla mot dung dich dém.Tinh pH cta dung dich gom:
a) 100 ml NaHC030,1M va 25 ml Na2C030,2 M.

b) Hai thé tich bang nhau cla cac dung dich NaH2P04 0,1M va Na2HP04 0,1M.
¢) 50 ml NaOH 0,16 M va 220 ml CH3COOH 0,4 M.

6.9. Sv thuy phan ctia mudi la gi? pH cla dung dich mudi phu thudc vao nhitng
yéu t6 nao? Viét phwong trinh thuy phan rdt gon cla cac mudi sau day:
CHINHIL CAHSCOONa; KN02 CHINHCL; NaZ20 4 Nax04 (NHHYS04
NHAHCOO; CHINHIN 02 NHACN.

Tinh pH cula cac dung dich mudi nay c6 nong do 0,1M.
6.10. Trong mot céc chira 100mI dung dich CAHINH20,01M:
a) Tinh pH cla dung dich.
b) Tinh pH cla dung dich khi cho thém vao cdic 50 ml HC1 0,01M.
¢) Tinh pH cla dung dich khi cho thém vao céc 100 ml HC1 0,01M.

6.11. Cho vi du vé acid nhiéu ndc va sv phan ly ca ching. Viét biéu thirc hang
s6 phan ly cta céac néc.

6.12. Cho cac amin acid sau: alanin, acid aspartic, tyrosin, lysin (xem phu luc)

a) Hay viét cac can bang phan ly cta ching trong dung dich. Tinh pHj.
b) 6 nhitng pH nao cac chat trén ton tai trong dung dich & dang trung hoa
dién (dang déng dién) & dang cation, anion.

6.13. Tich sci tan la gi? Hay cho biét méi lién quan gilta tich s6 tan va do tan
(mol/lit) cta chat it tan.

6.14. Tinh d6 tan clla BaCO03biét T cGia n6 & 25°c la 5.1.10-9.

6.15. DO tan cla AgP 046 18°c la 1,6.10"5M. Tinh T clla Ag® 04

6.16. T clia SrS04bang 3,6.10"7. Khi tron hai thé tich bang nhau cla hai dung
dich SrCl2va K25 04c6 cung nong dd 0,002M thi két tha co xuat hién khong?

6.17. K&t tha Pbl2co tao thanh khong khi tron hai thé tich bang nhau cda hai
dung dich Pb(N032va KiI
a) Déu cé ndng do 0,01M.

b) DEu c6 ndng do 2.10~3W.

6.18. Tinh xem c6 bao nhiéu mol Ag2ZCr04sé tan trong mét lit dung dich AgNO03
0,1M, biét T clla Ag2Cr04bang 9.10-12 & 20°c.

6.19. Tinh d6 tan cla BaS04trong nuwéc nguyén chat va trong dung dich HX04
0,1M, biét T ctia BaS04bang 1.1CT10 Cho nhan xét va két luan.

6.20. Cho céac phuc:

[Co(NH3q3% [Fe(CN)& ; [Fe(CD 433, [Fe(gly)d+ [Fe(gly)d.

a) Viét phuong trinh phan ly va biéu thic tinh Kkbcla cac phirc trén.

b) Hay cho biét s6 oxy hoa, s phéi tri clia cac ion trung tam trong cac phic trén.
6.21. Thé nao la diém tuvong duvong? Déac diém chung va vai tro cla chat chi thi

trong phvong phap phan tich thé tich.



6.22.
a) Co so clia phuong phap phan tich trung hoa.
b) Bic diém cla dudong cong chudn dé va nguyén tac lwa chon chdt chi thi
trong cac phép chuén do: acid manh bang base manh; acid yéu bang base
manh; base yéu bang acid manh.

6.23. Co s0 va dac diém cla phuong phap permanganat? Nguoi ta cd thé dung
phuong phap nay dé chudn dd dung dich Ca2+ hdy néu nguyén tic cla sy
chuan do nay.

6.24. Co s6 cua phwong phap complexon. Trong phuong phap nay nguoi ta thuong
dung chat chi thi gi? Hay néu co ché chuyén mau cla chat chi thi do.

6.25. Khi ldy 50 ml nwéc ty nhién dem xac dinh do clrng nguoi ta da chuan do hét
3,60 ml complexon 111 0,02 M. Tinh dd clng ctia mau nudc do.
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Bai 7

DUNG DICH KEO

MUC TIEU

1 Néu duwgc hai phuong phap chinh dé diéu ché dung dich keo, phvong phép tinh
chédung dich keo.

2. Dién giai qua trinh hinh thanh can bang Donnal va néu y nghia cta can bang
nay dbi voi hoat déng cua té bao song.

3. M0 ta dugc thi nghiém cla Tyndall vé hién tugng tan xa anh sang ctia mdét dung
dich keo. Gidi thich va néu dwgc (rng dung cla hién tugng nay.

4. Trinh bay dwgc cac yéu td quyét dinh dién tich ctua hat keo so dich va than dich.
Viét duoc cong thirc cau tao cla chdng.

5. Ké ra dwgc cacyéu tdlam bén vitng dung dich keo va phuong phap lam déng tu keo.

MO PAU

Céac dung dich keo rat phé bién trong doi séng va trong nhiéu nganh san xuat
nhv dugc pham, thwc pham, thuéc nhudm, chéat déo, to nhan tao,...

Cac dich sinh vat nhv: mau, dich ndo tuy, huyét twong... 1a nhirtng dung dich
keo trong do protein, cholesterin, glycogen,... nam & trang thai keo. Vi vay céac hé
keo c6 mot vi tri quan trong trong hoat dong cla co thé song.

1. DAl CUONG VE DUNG DICH KEO

1.1. Binh nghta va phéan loai keo

Dung dich keo la mot hé phan tan trong dé cac tiéu phan phan tan cé kich
thwdc tir 1-100 nm

Theo mirc do lién két gitta hat keo véi moi trudng phan tadn, nguoi ta phan
thanh:
1.1.1. Keo thén dich (liophil) la keo trong d6 hat keo va phéan t&r ctia mdi treong
phan tan lién két chat ché vai nhau. Khi mdi truong phan tan la nuwoc, ta co keo
than nuwéc (hydrophil). Cac keo than dich thuong kha bén, dé lau khong bi dong
tu, vi cac phan tr cta mdi trvong phén tdn tao thanh mot I¢p vé bao quanh goi la
I6p vo solvat hay vé hydrat (néu mdi truong phan tan la nwéc).
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1.1.2. Keo so dich (liophob) hay so nwoc (hydrophob) khdng c6 16p vo solvat hay
hydrat nén kém bén hon.

1.2. Phuwong phap diéu ché dung dich keo

Hat keo c6 kich thudc ndam trung gian gilta kich thudc clia phéan tir - ion va hé
thd. Vi vay co6 hai phuvong phap co ban diéu ché dung dich keo.

1.2.1. Phuvongphap tap hop

Két hop cac phan tlr nhé thanh nhitrng tiéu phan co6 kich thuéc hat keo. Vi du,
dé diéu ché keo Fe(OH)3 nguoi ta nhd dan tirng giot dung dich FeCl3vao nudc
dang sb6i. Khi d6 cac phan t¢r Fe(OH)3tao ra do phan (*ng thuy phan sé tu hop
thanh tiéu phan keo Fe(OH)3.

1.2.2. Phuong phap phan tan

Nghién nho (bang c6i xay keo) hodc pha v& cac ti€u phan cé kich thwdc I16n
(bang chdt dién ly) dé dat dwoc kich thudc hat keo. Vi du, khi pha két tia xanh
phd FeJFeiCNXJg bang dung dich H2ZCD 4ta thu dwoc keo xanh phé.

1.3. Phuwong phép lam sach dung dich keo

Trong qué trinh diéu ché, dung dich keo c6 thé cé 1an nhitng phan t&, ion hay
ti€u phan clha hé tho. Vi vay nguoi ta thwong st dung hai phuvong phap sau day
dé loai céac tiéu phan khong phai la keo:

1.3.1. Phuong phap tham tich

St dung nhirng mang tham tich (vi du mang colodion) cho phép loai nhitng
phan t¢ nhd hodc ion ra khoi dung dich keo. Vi du khi muén tinh ché mét mau
huyét thanh nguoi ta cho né vao mot tdi tham tich hodc mot dng cé day duoc bit
bang mang thdm tich. Sau do tii dwoc ngdm vao binh chra moi trvong phan tan
(vi du nuwéc). Cac phan tir nhé hodc ion sé khuéch tan dan ra khoéi dung dich keo.
lién tuc thay nu6c trong binh ta s& duoc dung dich keo tinh khiét.

H2
Mang tham tich

uuuwiUl
H,0

Hinh 7.1. Phwong phap tham tich dé lam sach dung dich keo

1.3.2. Phuvong phap loc
Khéc véi mang tham tich, gidy loc cho cac ti€éu phan keo di qua dugc. Vi vay
bang céach loc co thé loai cae-tiéu-phan-lon-hon-keo-ra-khoi dung dich cta né.
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2. TINH CHAT PONG HOC PHAN TU CUA DUNG DICH KEO

2.1. Ap suat thdm thé&u

Nhur da biét ap suat tham thdu cla dung dich chat khong dién ly ty I1é thuan

vGi nong dd mol clha chét theo dinh luat Van't Hoff:
A=RCT

Nhu vay ap sudt thdm thdu cling ty Ié véi ndng do hat trong dung dich.

Trong dung dich phan t moi phan tir 1a mot hat (tiéu phan).

Tréai lai trong dung dic keo moi hat 1a tdp hop cda nhiéu phan tk. Vi vay Vi
mot khoi lwgng chat phan tan bang nhau thi sd hat trong dung dich keo sé& it hon
nhiéu so voi dung dich phan t&r. Do d6 dung dich keo ludn ludn cé ap sudt tham
thdu nhé hon. Tuy nhién cac dung dich keo, dac biét la cac keo protein lai déng
mot vai tro rdt quan trong trong su phan b6 cac chat dién ly & cac té bao, mo.

2.2. Can bang Donnal

Donnal chirng minh rang sw trao déi cac ion chéat dién ly qua mang sinh vat phu thudc
vao loai ion khéng thé tham tich qua mang. B9 la cac ion R keo protein.

Gia thiét mang mao mach (mang sinh vat) nhv mét mang tham tich (mang chi cho cac
tiéu phan dung dich thuc di qua) ngan déi mot cai binh. Mot bén mang cd dung dwh mudi clia
protein RNa, bén kia la mot dung dich chat dién ly, vi du NaCl.

Nudc, cac ion Na*, Cl~ qua mang mot cach dé dang con ion keo protein R~ khdng qua
duwgc mang.

Thanh phan lic dau & hai bén mang

() Mang (D)
R- Na+ | Na' Cl~
a a I b b

a va b la néng do luc dau.

Sau mét thoi gian trao doi, khi dat t¢i can bang: goi la can bang Donnal. Néu X la
lwong cac ion chay tlr phai sang trai. Ta co:

() Mang )
R- Na+ a-~ liVa+ Cl
a @+x) «x I(b-x) (b- x)

Theo Donnal can bang dat dugc khi tich s6 ndng do cac ion khuéch tan & 2 phia cla
mang bang nhau nghia la:
i Na*]. [CI-] =[Na*]. [A~]
I I [ 1

Hay @+x)x =(b - x)(b - x)
Tir do L. 02
at2b
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Hay - = ——
b a+2b

2Vii/ udy b—de/ién chat dién ly dwoc chuyén tlr phai sang trai,

Khi b « a (nbng do chat dién ly it hon néng dd chat keo rat nhiéu) thi N =0, nghta
la hau nhu khdng c6 chét dién ly di qua mang.

Khi b» a thi —Vss 1 nghia la chat dién ly dvoc phan b6déu & hai bén mang. Khi b

=0 iacé’k‘) =|;c 61 lwongchat dién ly da di tir phai sang tréi,
| i

Nhuv vay. lugng chat dién ly chuvén qua mang phu thudc vao lvong chat keo va chat
dién ly.

Trong cac tredng hop, & trang thai can bang, ndng do cac ion dién ly trong dung dich
keo déu 16n hon trong dung dich tiép xdc véi no.

Tuong tw, d6i voi cAc té bao, sk cd mat clia cac mudi cla protein RNa sé anh hudng
rat Ion dén sw phan bd chat dién ly trong va ngoai té bao va do dé quyét dinh ap suat
tham thau cla té bao.

Khi té bao tiép xdc vai dung dich chat dién ly c6 ion chung vé6i protein thi thong
thwong sé c6 mot lwgng nhat dinh chat dién ly di chuyén qua mang vao trong té bao. Do
dé ap sudt tham thdu trong té bao sé l1on hon so véi dung dich bao quanh né. Chinh vi vay
c4c té bao gilt duoc sy cang phdng ngay ca trong nhitng dung dich dang truong. Trong
nhitng dung dich nhuoc truong van ¢ mot lwong nhat dinh chéat dién ly (mubi) tir ngoai
di vao té bao. Diéu doé lam cho té bao co thé hoat dong mot cach binh thuong.

3. Su SA LANG

Tiéu phan keo 16n hon cac phan tl cla dung dich thwc rdat nhiéu nén cé khoi
lvgng dang ké so véi khdi lvgng clia phan to.

Trong dung dich keo céc tiéu phan keo chiu tac dung cta hai lvc nguoc chiéu
nhau: trong lwvc va khuéch tan.

Khi hai lvc nay bang nhau thi dung dich keo & trang thai goi la can bang sa
ldng. Khi d6 dung dich keo bén virng.

Khi trong lwc 16n hon lwc khuéch tan thi céc ti€u phan keo bi kéo xudng day
véi mot t6c do xac dinh. Qua trinh nay goi la su sa lang.

Ngudi tada thiét Iap rang, téc do salangcia cacti€uphan ty léthuan voi
binh phwongban kinh cta no, hiéu ty khdéictachdt lang va moitreong va ty &
nghich véi do nhét ciia moi trvdng theo biéu thic:

V= _2_:1'_8__'2_@_'____(_1_’) -2 (7.1)
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v: Téc do sa lang
r: Ban kinh tiéu phan (néu coi ti€u phan c6 hinh cau),
dj; d2 Ty khéi twong (rng ctia chét sa lang va cia moi treong.
T: Do nh6t ciia moi truong.
Néu khdi lvong tiéu phan keo 1a m thi lyc tac dung lam n6 lang xuéng la:
f= TMg
g: gia téc trong trudng.
Vim =Vd,
V: thé tich ti€u phan keo, di', ty khdi clia chat keo. Tl do:
f= Vvd.g
NéEu ty khéi clia dung mdi d2la dang ké so v6i dj thi tiéu phan keo con chiu mét luc
day tr dudi 1én bang Vdgg. Khi do luc fla:
f-Vvdg-vdg~rVvVitft-d~g
Mat khac khi chuyén dong véi téc do Vtiéu phan keo ban kinh r (néu coi nhw c6 hinh
cau) sé chiu mot luc can do ma sat:
fms - 6Ttrijv
fj: d® nhét cia moi truwong.
Khi f= fns hay V (d,1-(12) g = 6m-Tjv thi ti€u phan keo chuyén dong déu véi toc do v:
V(d,-d2)g

V= e -—
onrri

4
Thay gia tri cla V = —rn”ta co:

- r2(dr d2)g
v=§y—  h--—-- (7-2)

Néu lay gli téc trong treong g =980cm/s2ta co (7.1)

Kich thudc cla tiéu phan keo 16n hon kich thuéc clia phan tir rdt nhiéu nén
dé bi sa ldng hon dung dich thwc. Tuy nhién, n6i chung téc do sa lang cla cac
phan t& keo ciing rdt nhd. Nhiéu khi ta can lam sa lang dung dich keo dé tach céac
tiéu phan keo ra khdi moi treong phan tan. Trong nhirng truong hop nay ta phai
dung dén cac may ly tam hay siéu ly tam. May siéu ly tam lan dau tién duoc
Svedberg strdung.Cac may siéu lytdmcho phép tao ra motluc ly tam khoang tu
1.000.000 lan vwot qua trong lwc, v@is6 vong quay datdén 140.000 vong/phdat.
Nho cac may nay dung dich keo bi sa lang nhanh hon.

Tdc do sa lang cla tiéu phan trong may ly tam duoc tinh theo biéu thirc:

i. r2id, - d 2)0)x

(7.3)
7

Trong d6 gia t6c trong tredong-g-duoc-thay-banggia-tée:ly tam 2x
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Bang cach do tdic do sa lang va tir cac biéu thirc (7.2) hay (7.3) ta c6 thé xac
dinh duoc kich thwdc clia nhitng tiéu phan khéac nhau, vi du cé thé xac dinh ban
kinh r cla tiéu phan theo:

va tlr do cé thé tinh dwgc khoi lvgng va ndng do cda ti€u phan.

Phuvong phap phan tich sa ldng biang may siéu ly tam rdt can thiét dé xac
dinh kich thwdc cac tiéu phan keo sinh vat ma théng thuvong cac kinh siéu vi ciing
kh6 nhan thay.

TOC dd sa 1&ng cta hong cau thudng bi thay déi mot cach dang ké trong nhirng
trang thai bénh ly. Vi vay viéc xac dinh dai lwgng nay cling déng gép cho chan doan.

4. TINH CHAT QUANG HOC CUA DUNG DICH KEO

4.1. Hién twvgng Tyndall (Tindan)

Nam 1859 khi chiéu mot chum tia
sang qua kinh hoéi tu vao dung dich keo
Tyndall thdy moét hinh nén cut sang duc.

Phan nén cut d6 dwoc goi la hinh nén »
Tyndall (hinh 7.2).

Su hinh thanh hinh non Tyndall 1a do
cac tieu phan keo lo Irng tdn xa nhitng tia
sang dap vao né bién thanh nhirng diém
sang. Nho ¢6 nhirng diém sang dé ma ta co Hinh 72 m ti h|én tw?rlg Tyndajl
thé trong thdy dwoc dudng di cla tia sang
bén trong dung dich keo.

Rayleigh (Raylay) d& giai thich hién twgng Tyndall nhu sau: Anh sang la
nhitng song dién tr dwoc ddc trung bang do dai song X. Tuy thudc vao twong quan
gitta ). clla anh sang va kich thuwdc tiéu phan cla chat phan tdn ma céac tia sang
gap trén duong di cha no, ta c6 cac hién tugng khac nhau.

Khi kich thudc ti€u phan Ién hon X cla anh sang thi cac tia sang bi phan xa
trén bé mat tiéu phan dudi nhi*rng goc xac dinh. Truong hop nay xay ra trong cac
hé thd (hinh 7.3 a).

Khi cac tiéu phan cé kich thuéc bé hon Xcla anh sang thi xay ra hién twong
tdn xa. C4c tia sadng bi tdn xa tlr cac ti€u phan ra moi hudng (hinh 7.3.b).

Budc song X ngdn nhét cla chum tia sang nhin thdy 4 400 nm. Con kich thuéc

l6n nhéat clha céc ti€éu phan keo la 100 nm nghta la bé hon —Xcua céc tia sang vung

nhin thay vi vay cac hat keo ludn gay ra hién tvgng tan xa anh sang (hinh 7.3 c).
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Nhirng ti€u phan la phan t&r hoac ion khéng gay ra hién tvong phan xa hay
tan xa vi kich thuwéc cta né qua nhd so voi X

1/

b)
Hinh 7.3. Twong quan gitra buéc séng anh sang t6i va kich thudc ti€u phan
Rayleigh da dwa ra cong thirc tinh cudng dd anh sang tan xa Itxkhi chiéu qua
dung dich keo chtta cac hat keo hinh cau.

K: hé sb'
G cwong dd anh sang toi
y: ndng do hat (sd6hat trong mot don vi thé tich)
X Budc song cua anh sang toi
V: thé tich hat
Qua cong thirc trén ta thay cuong do anh sang tan xa phu thudc vao thé tich hat

nghta la phu thudc vao kich thwéc tiéu phan. D6l véi cac dung dich thuc, phan ti rat
bé nén khong c6 s tan xa vi vay ta khdng thé nhin thdy dwong di cla tia sang.

4.2.%ng dung cha hién tvong Tyndall va biéu thirc Rayleigh

Néu ta dung ngudn anh sang nhat dinh (10va X khéng d6i) chiéu vao dung
dich keo c6 kich thwéc ti€u phan bang nhau (V khong ddi) thi theo biéu thirc
Rayleigh Itxchi con phu thudc vao nong do hat Y. Dua trén nguyén tic do nguoi ta
ché tao ra may do do duc (nephelometer) cho phép do cuong dd anh sang tan xa,
tr do6 tinh duoc néng do dung dich keo.

Nho hién twong Tyndall nguoi ta co6 thé nhin thdy va dém dwoc cac hat keo
qua mot dung cu quang hoc khac la kinh siéu vi (ultramicroscope). Trong kinh
siéu vi anh sang khong chiéu thdng vao méat nguoi quan sat nhu kinh hién vi
thuong ma dugc chiéu tir phia bén vat quan sat. Céc dung dung dich keo cé day
va thanh mau den cha hai clra dé anh sang di vao. Do cac ti€éu phan keo tan xa
anh sang ma ta cé thé nhin thdy va dém duwgc cac hat keo chuyén dong lap lanh
trén mot nén den. Biét ndong dd khdi lvong cla dung dich keo ta tim dwoc khdi
lvong m cla tiéu phan keo va thé tich clia hat keo. Néu tiéu phan la hinh cau ta
tinh dwoc ban kinh r.
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5. TINH CHAT BIEN HQC CUA DUNG DICH KEO
Mot trong nhirtng nguyén nhan tao cho dung dich keo bén vitng la cac tiéu
phan keo tich dién cung ddu do d6 chdng luon day nhau.

Dién tich trén cac hat keo duvgc hinh thanh theo nhirng cach khac nhau tuy thudc
vao ban chéat clia chat phan tan, cach thirc tao ra dung dich keo, mdi trudng phan tan.

Chang ta ldy 2 vi du vé su hinh thanh dién tich trén hat keo so dich va keo
than dich.

5.1. Cau tao va sy hinh thanh dién tich cta hat keo so dich. Vi du keo Agl
Keo Agl dwoc diéu ché bang cach nho tir tir tirng giot dung dich Kl vao ofic
dwng dung dich AgNOg, khi d6 xay ra phan &ng:
AgNOg + KI — Agl + KNO3
Mot s8'nhdt dinh phan tir Agl két hop voi nhau tao ra nhan keo khéng mang
dién tich. mAgl = (Agl)m
Do nhan c6 bé mat ty do I&6n nén n6 c6 khd nang hdp phu mot trong cac loai
ion don con duv thira trong dung dich, né sé wu tién hdp phu ion nao cé trong
thanh phan cadu tao ctia nhan, trong truong hop nay la ion Ag+
(Aghm+ nAg - (Aghl nAg+
Céac ion nay phan b6 quanh nhan tao thanh mot I6p goi la I6p hdp phu. Lép
hadp phu mang dién tich nén c6 kha nang thu hat mét s8"ion nguoc dau véi né tao
thanh I6p ion ddi (n-x)N03-}
(Aglh)m nAg* + (n-x) NO3- = { [(Agl)m nAg+ (n-x) NO3-] }x+
Toan bd nhan, 16p ion hap phu va 1ép ion ddi tao thanh hat keo mang dién tich.
M6t sb ion d6i con lai bi hat keo hit mot cach yéu ¢t nén chuyén dong twong doi
tv do va duwoc goi la 16p khuéch tan. Hat va 16p khuéch tan dwoc goi la mixen.

NEAaD \nAg\ (p-x} No3 X NO3-
Nhan ion hap phu ion déi
Hat y Lép khuéch tan
y
Micell (Mixen)

Hat keo mang dién tich dwong khi ion hdp phu tich dién dwong va nguoc lai
hat keo s& mang dién am khi ion hdp phu tich dién am. Trong cdng thc cdu tao
nay chlr m cho biét 8" phan t&* cdu tao nén nhan, chitr n cho biét sé ion hdp phu,
thong thudng n bé hon m rdt nhiéu. S6"ion déi cling 1a n nhwng chi c6 (n - x) ion
d6i nam trong hat (tao thanh 16p ion d6i) con Xion ddi nam trong lop khuéch tan.
Chir X ding ngoai va phia trén ddu moc ¢ng véi dau + chi s6" lwvgng va dau cla
dién tich hat keo.
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i* Nhan keo

/| © e Lép ion hdp phu
e
N e Lo6p ion doi
\ © e / e
e ® e e e Lop khuéch tan
©
e

Hinh 7.4. Cau tao hat keo so dich Agl
Cling co thé tao ra keo Agl mang dién tich &m theo cach tién hanh nguoc lai,
nghta la nhé trng giot dung dich AgN03vao dung dich KI. Trong diéu kién nay
luén c6 duv KI, khi dy hat keo cé cdu tao:

{[(Aghmnl-.(n-x)KH r

5.2. Cau tao va dién tich cua hat keo than djch- keo protein

Phan tl protein duoctao ra tir nhiéu acid amin. Dién tich clia hat keo protein
duoc quyét dinh béi sy dién ly clla cac nhom chic cla acid amin & mach nhanh
cta chuoi polypeptid.

Ta hay biéu dién mot phan t protein (mot tiéu phan keo nhw & hinh 7.5. Cac
acid amin & mach nhanh cé thé cé tan cung la cac nhém ion hoa -NHg+ hodc -
COQ”tuy thubc vao pH clta moi trwong

COOH ha+ rnrv COO0
COOH ~4H+, h& COO0
COOH (60]0)
COOH COO- COo0
dang cation 4+ dang dang dién dang anion 2
pH< pHi pH= pHi pH >pHi

Hinh 7.5. M6 hinh cau tao keo than dich protein va cac dang ton tai & nhirtng pH khac nhau

NEu s0"lvgng cac nhém cation va anion bang nhau thi dién tich cda phan td
protein bang O hay ngudi ta ndi né & dang dang dién.

Trong cac dung dich dém cé pH khac nhau phan t& protein cé thé ton tai dudi
dang cation hoac anion.

Nhu vay, tuy theo pH cta mdi treong, ban chét cia protein, tiéu phan keo
mang dién tich ¢ dau khac nhau va tri s6"dién tich khac nhau.
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pH tai d6 phan tkr protein khdng mang dién duoc goi la pH dang dién cia
protein ky hiéu la pHi. Duéi day 1a pH déng dién cia mot sd"hat keo than dich.

Casein 4.6
Gelatin 4.7
Albumin trirng 4.8
Hemoglobin 6,7

Trong nhirng dung dich dém cé pH < pHi hat keo protein sé mang dién tich
dwvong va nguoc lai, 6 nhirng pH > pHi hat keo mang dién tich am.

Trong hod sinh nguoi ta (’ng dung hién twvong di chuyén cac phan tl protein
nhv albumin, globulin cia huyét thanh du¢i tdc dung cla dién treong dé phan
tich thanh phan cta chdng trong huyét thanh & nguwoi binh thudng va nguoi bénh
dé chan doan va theo ddi bénh.

Phuong phap phéan tich trén goi la phwong phap dién di.

6. DO BEN VUNG VA sy DPONG TU KEO

Trong dung dich keo cac hat keo mang dién cung ddu do vay ching day nhau.
Ngoai ra déi v@i hat keo than dich con c6 mét 16p vo solvat hay vo hydrat bao boc.
D6 chinh la nguyén nhan lam cho cac dung dich keo kha bén virng. Khi loai trir
cac nguyén nhan doé thi xay ra suw két tu cac hat keo thanh nhirng hat Ién hon.
Qua trinh dé goi la sv dong tu keo.

Céac keo so dich thudng bi dong tu dwdi dang két tha. Cac keo than dich khi
dong tu con kéo theo cac phan tlr cia mdi trudng phan tan va c6 dang nhay.

Pé lam déng tu mo6t dung dich keo c6 thé c6 nhitng cach sau day:

—bobng tu dudi tdc dung cla cac chat dién ly. Cac hat keo hdp phu cac dién tich
trai dau lam giam hodc mat di dién tich va bi déng tu. Vi du, khi cho vao keo hydroxyt
sat (IU) mang dién duong mot lvong Na2S 04vira di sé nhan thdy két tia Fe(OH)3

- Bong tu dudi tac dung cla keo trai dau.

—DaGi voi keo than dich ngoai viéc dung chat dién ly nguoi ta con cd thé loai
I6p v6 hydrat bang cac tac nhan hit nedc nhw con. Dédc biét d6i véi keo protein co
thé lam déng tu bang cach diéu chinh pH dén pHi cla keo. Khi d6 hat keo sé
khong mang dién tich.

- Bong tu duéi tac dung clha nhiét. V6i nhitng keo khéng bén véi nhiét vi du
cac keo protein c6 thé lam déng tu bang dun néng.

7.Sy PEPTI HOA

Qua trinh mot két tha keo lai chuyén thanh dang keo duéi tac dung clla mot
chét dién ly duoc goi la 8y pepti hoa. Trong trvong hgp nay, do cac hat két tla
keo hdp phu cung mot loai ion nao d6 cla chat dién ly lam cho né mang dién cung
ddu, day nhau va lai phan tdn vao dung dich. Vi du khi nhd dan dung dich
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H2C A vao két tia keo xanh Pho, ta thu duwoc dung dich keo nay. Sw pepti hoa
dwoc st dung dé diéu ché keo.

CAU HOI Tu LUONG GIA
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7.1.
7.2.

7.3.

74,

7.5.

7.6.

7.7.
7.8.

7.9.

Hay néu nhitng phuong phap co ban dé diéu ché dung dich keo. Cho vi du.
Mang thdm tich khac mang thdm th&u & chd nao? HAay néu cac phwong phap
lam sach dung dich keo.

Hay cho biét:

- Trong diéu kién nhu thé nao thi ¢ can bang Donnal.

- Nhitng két luén rat ra tir can bang Donnal.

- Y nghfa ca can bang Donnal d6i véi hoat dong cla té bao.

Thé nao la sv sa lang? Tai sao phai dung cac may siéu ly tam dé lam sa lang
dung dich keo?

rng dung cla su sa lang trong nghién ctu keo.

Mo ta va gidi thich hién twgng Tyndall.

Bi€u thirc Rayleigh vé tdn xa anh sang va (rng dung cua hién tvong tan xa.
Giai thich tai sao khi nhin mat troi vao budi rang dong va hoang hon lai thdy mat
troi rat do?

vEé nguyén tac kinh siéu vi khac véi kinh hién vi thuong & diém nao?

DPién tich trén hat keo so dich duoc hinh thanh nhw thé nao? Dau dién tich
hat keo so dich do thanh phan nao cla hat keo quyét dinh.

Viét cong thirc cdu tao clia Mixen, cho biét dau dién tich cla hat keo duogc
diéu ché theo cach sau day:

Keo xanh pho Fe4Fe(CN)g3

+ Khé mot vai giot dung dich FeCl3vao coc dung dung dich K4=e¢(CN)6.

+ Nh6 mot vai giot K4e(CN)6vao coc dung FeCl3

Keo sat 111 hydroxyt Fe(OH)3

+ Thuy phan FeCl3trong nwéc dun sbi (c6 dv ion Fe34).

7.10. Yéu t6 nao quyét dinh su hinh thanh dién tich trén hat keo protein, yéu '

nao quyét dinh ddu cda hat keo protein? pH déng dién cla keo protein 1a gi?

7.11. Hat keo gelatin c6 pH; = 4,7. Hbi dwa n6 vao dung dich dém c6 pH = 7 thi n6

sé di chuyén vé dién cuc nao trong 1 dién truong.

7.12. Néu nguyén tic va (ng dung ctia phuong phap dién di.
7.13. Nhirng nguyén nhan nao lam cho mot dung dich keo n6i chung twong ddi

bén viing?

7.14. Thé nao la hién twgng dong tu keo? Mudn lam dong tu keo c6 thé ding nhitng

cach nao?

7.15. Giai thich hién tvong bdi dap phu sa & cac clra song.
7.16. Thé nao la sw pepti hoa? ing dung cla su pepti hoa.



Bai 8

PIEN HOA HOC

MUC TIEU

1 St dung dwoc bang théoxy hod khir tiéu chuan dé chi ra chiéu clia mot phan tng
oxy hoa kh.

2. Gidi thich duoc sy xudat hién thé dién cuc va viét duoc cong thirc suat dién dong
cla nguyén tb ganvanic.

3. M6 ta va viét duoc cong thirc the dién cuc clia mot sb' loai dién cuc thuong sl
dung trong dién hoa hac.

4. Néu dwoc nhitng nguyén tic chung st dung nguyén téganvanic trong viéc xac
dinh pH bang phwong phap dién hoa.

5. Viét dwoc so do dién phan nong chay va dién phan dung dich mot sd chat dién hinh.

M& BDAU
Nang lwgng hod hoc cé thé chuyén thanh dién ndang trong cac pin.

Nguoc lai, du¢i tac dung cua dong dién (sv dién phan) mot phan *ng hod hoc
lai ¢ thé dugc thyc hién. D6 la hai mat twvong quan gira hoa nang va dién nang.

1. PHAN UNG OXY HOA - KHU

1.1. PDPinh nghia:
Phan (*ng oxy hod - khir la phdn tng trong do co su thu va nhuong electron
va do d6 lam thay ddi s6 oxy hoa cla cac nguyén to.
Vi du:
Zn + CuS04->Cu + ZnS04

[ 2HSOH + CuO-» CH,CHO + Cu + HD

Trong ph&n ng oxy hoa - kh it nhéat c6 hai cap oxyhoa - khtt. & hai vi du
trén ta co cac cap:
Zn2A{Zn; Cu24/Cu va CH3CHO/CZ2H50H; Cu2/Cu
Dang oxy hoa la dang c6 s6'oxy hoa duong hon va dugc viét trwdéc. Dang khir
c6 sO oxy hod nhé hon va duogc viét sau.

lhoédalcuong
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1.2. S6 oxy hoa

SO oxy hoa duwoc quy woc 1a dién tich cta nguyén tl trong phan ti khi gia
dinh rang cdp electron dung chung dé lién két voi nguyén tlr khac trong phan ti
chuy&n h&n vé nguyén tl c6 dd am dién 1én hon.

DPEé tinh sb oxy hoa cila mot nguyén t0"can luu y:

+ S6”0xy hoa co thé la s3"dwong, am, bang O hay la so"lé.

S6" oxy hoa cuia nguyén td trong don chét bang O.

Mot s3"nguyén td cd s8"oxy hoa khéng d6i va bang dién tich ion cta né.
H, cac kim loai kiém c6 s6 oxy hoa +1 (trong NaH, H cé s6"oxy hoéa -1)
Mg va cac kim loai kiém thd c6 s6 oxy hoa +2.

Al c6 s6 oxy hoa +3; Fe c6 hai sd oxy hoa +2 va +3.

0 c6 s6 oxy hod -2 (trong H2D 2 0 c6 s6'oxy hoé - 1)

T6ng dai s0"sd oxy hoa clia cac nguyén tir trong phan tr bang O.

Vidu:
Zn, CI2, NaCl, K2504, Nak03 NaxX D6, KMn04, HD?2
c02, CH50H, C2H4 (CHjCHO), C2H40 ACH3CO00H), hZx 204

1.3. Can bang phan &¢ng oxy hoéa - khr

Pé can bang phan rng oxy hoa - khir nguoi ta thuc hién mot sé budc sau day:
« Xét su thay ddi s0"oxy hca clia cac nguyén ta

* Viét phvong trinh thu nhudng electron, tir d6 xac dinh hé s6" cia phuong
trinh ion rat gon.

« Can bang phwong trinh phan ti.
Vi du:
Céan bang phuong trinh phéan &ng:

KMn04 + NaxS0O, + H2504-» MnS04 + K2504 + Na2S504 + H2

2IMn+ +5e -» Mn+2
SsSH- 2e->

2Mn+ + 5S4 2Mn+ + 5S4
2KMn04+ 5Nax 03+ 3HS04—2MnS04+ KX 04+ 5NaxX 04+ 3H

1.4. Buvong lvong gam cla chat trong phan &*ng oxy hoa - khtr

Trong phan ng oxy hoa - khir dwong lvong gam cta mot chdt duoc tinh bang
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khoi lugng mol ctia chat dé chia cho sd electron ma mot phan tl chat do cho hoac
nhan. Vi du trong phan ¢ng trén
M M
5
1.5. Thé oxy hoa - khir chuan va chiéu hudng clia phan *ng oxy hoa - khir
Thé oxy hoad - khir chuan la dai lvong dac trung cho kha nang tham gia vao
phan (*ng oxy hoa - khtr (kha nang cho nhan electron) ciia mot cap oxy hoa - kht
nao d6. Thé oxy hoa - khit chudn ky hiéu E° do duoc bang cach so sanh véi thé cia
dién cwc hydro chudn (bang 8.1).
Cap co6 thé oxy hoa - khir chuan cang I6n (cang duong) thi dang oxy hoéa cla
né cang manh va dang khi* cang yéu.
Céac cap oxy hoa —khir phan rng voi nhau theo quy tic sau:
Dang oxy hod manh cua cdp nay phdn &¢ng véi dang kh&* manh cla cap kia
hay dang oxy hoa cla cdp c6 € caophan &rng véi dang khr clia cap c6 thé thap.

Vidu:

Zn+ Cux ZnA+ Cu

vi e

Cu /Cu

kim loai manh day kim loai yéu ra khéi dung dich mudi

Mg + 2H+-> Mg2++H2 vi £°
kim loai hoat déng day hydro ra khdi acid.
Phan ng Cu +2H+khong xay ravi £ > _

BANG 8.1. THE' OXY HOA - KHU CHUAN (298°K, pH = 0)

Cap oxyho4a - Phan &ng 8° (V)
LiTLi Lr+e -+ L -3,01
K7K K++e K -2,92
BaZ Ba Ba2'+ 2e -» Ba -2,90
CaZ/Ca Ca2++ 2e — Ca -2,87
Na/Na Na++ e -»  Na -2.71
My2ZZrMg MgZ +2e — M -2,36
APTAl AP +3e A -1,85
ZnOf~~Zn Zn02 + 2HD+2e - Zn +40H- - 1,66
sof/so*- SO"- +HD +2e - SOg- +20H -0,93
2 H20/H2 2HD +2e -*  H2+20R- -0,83
n IZn n2 +2e * 7N -0,76
CAMICr Cr3*+ 3e -» Cr -0,74
2S03/s03 2SO +3HD +4e — S +60H- -0,58
s/s2 s +2 S -0,51
Fe:7Fe FeZ + 2e - Fe -0,44
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CrVCrz
Coz/Co
Ni27Ni
Sn27Sn
Pb27Pb
Fes7Fe
2H7H2

NO's/N 02
Cu”n/Cu*
Sna7Snz
Cuz27Cu

Fe(CN)i-l Fe(CN)e'
ONOH!

Cu7Cu

U2l-

MnO;/MnOf

MnO; /Mn02
02/20 -
Fes7Fe2+
no;/no:
AQVAg
2Hg27Hg2>+
no;/NO

HNO2/NO
Bu2Br
2NO;/N2D
103-/I2
CV2o 2
MnCVMn2

0 3fo 2
2N 03-/N2

Cr20*' /Cr3

Cl2/2C]J-
Au /Au
PbCuPb2*

Mno; /Mn2

Mn0”/Mn02
AuVAuU

HD 22 HD
Cos /Co02
F2/2F-

Fa/2 F-
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Cr3++ e
Co2t+e

Ni2++ 2e
Sn2+ 2e
Pb2++ 2e
Fe3++ 3e
2H++ 2e

NO: + HD + 2e
Cu2z +e
Sn4++ 2e
Cu2++ 2e
Fe(CN)g~ +e
02+ 2H2D +4e
Cu++ e

L+:2e

MnO’ +e

MnO”N + 2H2D +3e
02+ 2H++ 2e
Fe3t+ e

NOj + 2H++e
Ag++ e

2Hg2*+2¢

NOj + 4H++ 3e
HNO2 + HP + e

Br2 +2e

2NO3 + 4H++ ge
I03- + 6 H++ 5e
02+ 4H++ 4e
MnO2 +4H++ 2e
O3 +H2D + 2e
2NOs3- + s H++10e
Cra07' +14H++ 6 €
Clz + 2e

Au3t+ 3e

Pb02 + 4HP + 2e

MnO; +s H* + be

Mno; +4H++ 3e
Au* + e

H20 2 + 2H++2e
Co3t+ e

F2+ 2e

F + 2H++ 2e

-

-

Cr2+
Co
Ni
Sn
Pb
Fe
h2
NO2 +20H-
CiT
Sn2+
Cu

Fe(CN)e“
40H-

Cu

21-

MnO*-

MnO2 + 40H-

h2o 2
Fe2+

NOz2+ h20
Ag

Hg22+

NO +2 H20

NO + H2
2Br

N2 + 2H2

1/212 + 3H2D
2H20

Mn2++ 2HZzO
02+ 20H-
N2 + 3H20
2Cr3++7H20
2ClI-

Au

Pb2++ 2H20
Mn2++ 4H20

Mn02+ 2H2D

Au
2HzO
Co*+
2F-
2HF

-0,41
-0,28
-0,25
-0,14
-0,13
-0,04

0,00

+0,01

+0,15
+0,15
+0,34
+0,36

+0,40
+0,52
+0,54
+0,54

+0,59

+0,68
+0,77
+0,78

+0,80
+0,92
+0,96

+1,00
+1,07

+1,12

+1,19
+1,23
+1,23
+1,24
+1,24
+1,33

+1,36
+1,42
+1,46
+1,51

+1,70

+1,70
+1,78
+1,81

+2.,86

+3,06



2. PIN HAY CAC NGUYEN T8 GANVANIC

Pin hay con goi la cac nguyén t6"ganvanic la thiét bi cho dong dién mot chiéu
nho phan (ng hoa hoc xay ra trong no, thiét bi chuyén nang lvgng hoa hoc (hoa
nang) thanh dién nang.

2.1. Pin Danien - lacobi (Daniells - lacob) M

Pin Daniells —lacobi (hinh 8.1) gébm hai
dién cuc: dién cuc am la thanh kém nhing
trong dung dich ZnS04va dién cuc duwong la
thanh déng nhing trong dung dich CuS04.
Hai dung dich dugc ndi v6i nhau bang mot
cau mudi KC1 trong thach dan dién & mach
trong. Khi hai dién cwc dwgc no6i véi nhau
bang mot day dan kim loai s& xuét hién mot
dong dién tr cwc dong sang cuc kém. nghia
ia c6 mot dong electron tir cuc kém chuyén Hinh 8.1 So db cau tao
sang cuc dong. nguyén to Daniells - lacobi
Pin nay dugc ky hiéu nhu sau:
—Zn/Zn [/ Cu/ Cu+
Khi pin hoat dong, trén cac dién cuc xay ra cac phan &ng:
& cuc am: Zn —2e —Zn

A d . Cu2+ 2e — Cu
0 CUC AuONg: =------====-========mmm=mmmmmme-

Zn + Cu-> Zn2+ Cu
Phan (ng nay cling xay ra khi nhang mdt thanh Zn vao dung dich CuS04tuy
nhién & day khoéng thu dwoc dong dién.
Vi vay muén thu dwoc dong dién phdi thwc hién sy oxy hoad va sy khird hai
noi tdch biét nhw dd xay ra trong pin.

Trong pin, electron chuyén tr cvc am sang cuc dwong, gita hai cwcphdi ¢co
mot hiéu dién thé. Vay dién thé trén dién cuc duoc tao ra nhuv thé nao?

2.2. Sy xuat hién thé dién cuc
Khi thanh kim loai dwgc nhing vao dung dich chtta ion ciia né thi rat nhanh
chéng c6 can bang:
Me —ne Ment+
Tuy thu6c vao ban chat cta kim loai va nong do ion cd thé xay ra hai treong hop.
— Nguyén t&r kim loai (thvong la kim loai hoat dong, vi du Zn) tach khéi mang
lwvdi kim loai di vao dung dich du¢i dang ion hydrat hoa (Ment.xHX) va dé lai

trén kim loai céac electron. Cac ion dwong cht yéu tap trung & I6p dung dich nam
sat bé mat kim loai.
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- Céc ion kim loai (thvong la kim /'Zn /' Cu
loai kém hoat dong, vi du Cu) tir dung
dich bam 1én thanh kim loai, va do do

I6p dung dich sat bé mat kim loai du — e © - -~ 0e -
thira ion am. e % 0-_
. \ . - -©e -
Trong cd hai truong hop lop 53% ) —— © @ -

dung dich sat bd mat va bé mat kim Zn2 Cuz _ __
loai tao nén mot I6p dién kép, gidng
nhw hai ban ctia mot tu dién. Gilta 0h g2 sy hinh thanh 16p dién kép trén dién cuc
hai ban d6 c6 mot hiéu dién thé va
duoc goi la thé dién cuc, ky hiéu la 6.
2.3. Cong thrc Nernst (Nec)

C6 thé biéu dién phan ng téng quat trén mot dién cwc bat ky nhuw sau:

Ox + ne Kh

Nec da rat ra cong thirc thé dién cuc (ky hiéu la e):
e= E'Q+B§ Ini[g)q
nF [Kh]
e: Thédién cuc.
8: Thédién cuc tiéu chuan hay thé oxy hoa ctia cap Ox/Kh
R: Hang sékhi =8,31jun/mol.K
T: Nhiét do tuyét doi
F: S6 Faraday 96500 Culong
n: Sdelectron thu hay nhudng trén phan ng dién cuc.
[Ox], [Kh] twong tng la ndng dd6 dang oxy hoa va dang kht.
NéEu thay gia tri da biét cia F va R vao phuong trinh trén ta duoc sy phu
thudc cla thé dién cuc vao nhiét do:

e=e°+2.104-Ini"
n [Kh

& nhiét d6 T = 25 + 273 = 298°K va khi chuyén In thanh Ig thi phwong trinh
Nec co dang:

n [Kh]
Vi du:
Doi véi dién cuc dong:

Cuz+ 2¢e Cu
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£ =s° [Cu] coi nhw =1

ciT*/Cu 0ir/Cu 2 [Cu]
. s 0 0,059, 2
Khi dé
Twong ty nhw vay doéi voi dién cuc kém:
Zn- 2e »Zn
0 - 0,059
Zn3*/Zn B E Zn!*/Zn Ig [Zn ]

2.4. Strc dién dong cua pin
Stkrc dién dong cla pin la hiéu dién thé cuc dwong va hiéu dién thé cuc am.
bién cyc duong la dién cuc co thé 1on hon.
Vi du:
Daoi voi pin Daniells—lacobi ta cé:
-0 0 .0,059, [Cu24]

— e Cir*/C«i — EZn:*/Zn — e Cu”/Cu e Zn2HZn+ 9 ® [Zr?+1]

N 0,059 ,[Cu24
2 ~[zZn2]
F°=p° —'° goi la strc dién dong chuén cda pin.

Cu:*/Cu Zn2*/Zn

hay E=F°

Do la stc dién dong khi ndng do cla ion & dién cuc bang 1

2.5. Nguyén td ndng do6 (pin néng do)
. . : Cu
Ciling c6 thé tao ra moét pin trr hai \ KC1

dién cuc kim loai giébng nhau, vi du 2

dién cwc dong, nhiang trong cac dung

dich déng sulphat c6 néng do khac nhau

(hinh 8.3). Khi d6 ta c6 pin néng do: A
- Cu/ Cu2+c, // Cu c2/Cu+ E/
Trong d6 C2> c,. Khi do trén dién - -zm

cuc bén trai co phan @ng: [Cu2*]=C, _ Cu2q=c2
Cu- 2e -» Cuzva c0O thé dién cuc:

. . Hinh 8.3. So’ d6 pin ndng do
gm —£ &H2*/Cu t 0,0 | g [C\]

& dién cuc bén phai c6 phan rng: Cu2++ 2e —Cu va c0 thé dién cuc:

0,059
Ig [CJ

fcC2 Cu2*/Cu
TU dé stec dién dong cua pin & 25°c
E =, - =M Miglai
B = MR
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3. MOT SO LOAI PIEN cuy c

3.1. Bién cuwc kim loai: Me / Ment

Gom thanh kim loai nhing trong dung dich chia ion
clia né (hinh 8.4).
Trén dién cuc xay ra phan &ng:
Me"+ ne Me

Thé dién cuc dugc tinh theo céng thirc Nernst

E —E + MlgLMem?[
Ne Ne n J

Ne N

3.2. Pién cuc khi

3.2.1. Bién cuwc khi hydro: (Pt) HZ H*
GOm ban Pt c6 phi mudi Pt nhing trong
dung dich c¢6 chita ion H+ Khi H2dwoc théi vao
tao nén ap sudt 1 atm va duoc hap phu trén
tdm Pt c6 phu 16p mudi Pt (hinh 8.5).
Trén dién cuc xay ra phan (ng: H,
2H+ 2e 2> H9

, =B +M52Igl]pl
2 p

2H /Hj 2H /H2
Fz_m_l = p° +Itr2'_m_|®2 rHH 2
Nguoi ta thra nhéan: 8= 0 do do:
=0,059 Ig[HH =- 0,059pH.

3.2.2. Dién cuc hydro chuén
Khi [FT] = IM thi c6 dién cwc hydro chuan c6 eH=0

Nbll

Hinh 8.4. Cau tao
cula dién cuc kim loai

H

Hinh 8.5. Cau tao
cla dién cuwc khi hydro

Dién cuwc hydro chuan dwoc dung dé xac dinh thé oxy hoa —kh(r chuéan cua cac

cap oxy hoa - kh.

3.2.3. Dién cuc khi Clo (Pt) Clgi CI

GOm mot ban Pt nhing trong dung dich
c6 chra ion cr. Khi clo dwgc thoi vao dién
cuc tao ap suat latm (hinh 8.6).

Trén dién cuc xady ra phan tng:

Cl2+ 2e  2C1-

, 0.059, P@2

Clo latm

Pt

Cr

2 [CI]2 Hinh 8.6. Sor d6 cau tao dién cwc khi clo
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= ¢° - 0,059 Ig[Cl-]

cu/zcl clrecl

3.3. Dién cuwc oxy hoa - khr

Gom thanh kim loai tro nhv Pt, Au nhing trong dung dich chra déng thoi hai
dang oxy hoa va dang khi* cta cung mét kim loai.

Vi du:
(Pt)/ Fed Fe2t (Pt)/ MnCV, Mn2 H+
Kim loai tro déng vai tro ti€ép nhan va chuyén electron gitra hai dang oxy hoéa
va dang khu.
0.059  [Ox]

£ — +
Ox/kh EE\Ilh Ig [Kh]

3.3.1. Bién cuc oxy hoa - kh cua sat: (hinh 8.7)
Fe3t+e Fe2+

w  =w  +0-059 Pt
Lvu y: trwong hop phdn Gng & dién cuc co su
tham gia clia H+vi du: 1

MnO4+ 5 + 8H+ Mn2-+ 4HD

Fe®*
0,059  [MnO-~][H ]

*— 8-
MnU4/Mn M nO04/NIn Mn2+
[ ] Hinh 8.7. cau tao cua dién

) ] ] cwe oxy hod - khir clia sét
3.3.2. Bién cwc quinhydron (Ptj / ¢c*id2 ciiHAoH)2
Quinhydron CeH4) 2 CaH4OH)2la hop chat dong
phan t&, trong dung dich phan ly thanh quinon
CeH4 2va hydroquinol CEH4OH)2
CéHd 2 CaH4OH)2- CeH,02+ CaH4OH)2
Trén dién cuc xay ra phan @ng:
CeHA 2+ 2e + 2H’ <> CBH4OH)2
Thé dién cuc:
~ e 4 0,059 [CeH4 2][HH2
[CEH4(OH)2]
Vi [CaHD ] = [CEH4AOH)J Hinh 8.8. C&'u tao cla
Ta c6: 8gjn = 8°qin + 0,059 1g [H4 dien cue quinhydron
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3.4. Dién cwc kim foai can bang véi anion mudi khé tan cia né

3.4.1. bién cuwc calomel: Hg/ HgiClto Cl~
Pién cuc calomel ¢ thé c6 hinh dang khac nhau
nhwng luén luén gém thuy ngan nam cén bang véi ion CI"
gian ti€p qua mudi kho tan Hg2Cl2(calomel) (hinh 8.9)
Trén dién cuc xay ra phan &ng:
Hgi+ + 2e *=*2Hg

Thé cua dién cuc Hg dwoc tinh theo cbng thirc:

= 2
Nhung trong 16p Hg2C12c6 can bang: \ )
ng: I"H g 2%+ 2CI- Hinh 8.9. Cau tao

cula dién cuc calomel

T
Ta lai c6 [Hg224 = [C1J . Thay néng dbé nay vao cong thirc trén. Sau khi rat

gon ta dugc cong thirc thé dién cuc cta dién cuc calomel:
ed = e’d - 0,059 Ig [C11
Vi vay néu gilr cho ndng d6 ¢ r trong dién cwc cd' dinh thi £al khong doi.
Khi [KC1] bao hoa Ed = 0,24V
bién cyc calomel thwong dugc dung lam dién cwc so sanh trong cac phuong
phap chuan do do thé hay xac dinh pH. N6 cling dwoc dung thay cho dién cuc
hydro chudn dé xac dinh thé oxy hod - khtr chuan cla cac cdp oxy hoa - khtr.

3.4.2. Bién cuc bac - bac clorid. Ag / AgCl, HCI.

Twong ty nhw véi truong hop dién cuc calomel ta c6 thé rit ra cong thirc thé
dién cuc:

eAr. = eAQ - 0,059 Ig [CL]

Lwvu y: khong nham dién cuc nay voi dién cuc Ag/Ag+

3.5. Dién cuwc thuy tinh

bién cuc thuy tinh la mo6t éng thuy tinh dau duoc
thoi thanh mdt bau hinh cau rat méng bén trong chtra
dung dich c¢6 ndng d6 H+xac dinh va mot dién cuc bac Ag phua AgCl
pha AgCl. Khi nhing dién cuc vao mét dung dich thi &
mat phan cach thuy tinh —dung dich phét sinh mot
dién thé ma tri s6 clla n6 phu thudc vao nong do ion H+ Hinh 8.10. CAu tao
& dung dich bén ngoai theo phuong trinh: ctia dién cwce thuy tinh

ett = e°tt + 0,059 Ig[HH = e°tt- 0,059 pH

HC1 0.1IM
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Trong do e°tt1a mot hang s8" d6i voi moi dién cuc.' Vi vay trwdc khi ding mot
dién cuc thuy tinh nguoi ta phai chudn dinh lai n6é bang nhirng dung dich dém da
biét pH ma thuc chat la xac dinh e° cla dién cuc do.

4, UNG DUNG CUA CAC NGUYEN T& GANVANIC

4.1. Xéac dinh thé oxy hoa - kh{r tiéu chuan cta cac cap oxy hoa - khw

DEé xac dinh nguoi ta thiét [ap mot pin gdm mot dién cuc hydro chuan va mot
dién cuc c6 cap oxy hoa - khir can xac dinh roi do strc dién ddng cua no.

Vidu:
© ©
KC1 | Zn
H2->
dir*
[HI=1M~ [Zn2¥]=I

Hinh 8.11. Xac dinh thé' oxy hod - khtrtiéu chuén clia cdp ZnZ’Zn
- Zn/ [Zn2 =1M /] [HH] =M [ H2(Pt) +
Strc dién dbéng cua pin do duoc:
E = e:z - BB = 0,76V

Zn /Zn
Tur do Neg =-° 76V
Mot cach tvong tu, khi thiét lap pin:
- (Pt) H2/ [HH =1M // [Cu2q= IM / Cu+

ta xac dinh duoc B, =+ 0,34V

Cul*feu

4.2. Xac dinh pH bang phuwong phap dién hoa hoc
V& nguyén tac dé do pH cta mot dung dich bang phuong phap nay nguoi ta
can st dung hai dién cuc thich hop, trong d6 mot dién cuc c6 thé phu thudc vao
nong do ion H+ (cling tic la phu thudéc vao pH) nhuv dién cuc hydro, dién cuc
quinhydron, dién cuc thuy tinh, con dién cuwc kia cé thé xac dinh va khong doi,

thwong la dién cuc calomel. Hai dién cuc nay ghép thanh nguyén té' ganvanic. o
strc dién dong cla no va rat ra pH. Du¢i day la mot s6'vi du.

4.2.1. PopH bang cdp dién cuc hydro-calomel
Nhing vao dung dich can-de-pH mot dien cyc calamel va mot dién cuc platin
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va théi vao dién cuc nay khi hydro véi 4p suét 1 atm. Khi do ta dugc nguyén to
ganvanic:
- (Pt) HZ H+// KC1, HgCI2/ Hg +
Strc dién dong do dwoc cla nguyén td nay:
E —Seal —eHi

E = ECal+ 0,059 pH

Tu d6 pH = E~fed
0,059
4.2.2. DopH bang cap dién cuc thuy tinh - calomel
Lap nguyén t6" ganvanic gom dién cuc thuy tinh
(bau thuy tinh nhang trong dung dich can do pH) va
dién cuc calomel (hinh 8.12).
Trong nguyén t6 nay dién cuc calomel la dién cuc
duong. Stc dién dong clia nguyén to:
E - ECa —£it

= Ecal - e°tt + °-059 PH

Tu do pH = E~Scal+£ll Hinh 8.12. Po pH bang dién
0,059 cuc thuy tinh - calomel
4.3. Xac dinh bién thién nang lvgng tw do tiéu chudn AG°cta mdt phan trng

Cong dién do mot nguyén t0 ganvanic ¢ diéu kién tiéuchudntao ra ciing
chinh bang bién thién ning lwong tv do chudn cha phéan (¢ng hoa hoc da xay ra
trong nguyén t6" do:

A’=- nFE° = AG°
Do dé néu biét thé oxy hoa - khr chudn cla cac cap oxy hoa - khir trong mot
phan ng ta c6 thé tinh dwgc bién thién nang lvong tv do tiéu chuan cua phan
trng do.
Vi du:
Tinh bién thién nang lvong tv do cua phan &ng:
MnO-4+ Fe2+ 8H+-> Mn2+ Fe3t+ 4HA
Biét: Co,™ . =+ =+ 0,77V.

Suéat dién dong tiéu chudn cla pin trong dé xay ra phan ¢ng trén la:
E°= 1,51- 0,77 = 0,74V.
Tu do: AG° =-5.23062. 0,74 =- 85039 calo.
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4.4, Phvong phap chuan do do thé
Trong phuong phap chuan do do thé, diém tvong dwong dwoc phat hién qua
st bién doi dot ngdt vé thé, tao ra mot buwdc nhay thé trén dudng cong chuan do.
V& nguyén tac, dé tién hanh viéc chudn do nguoi ta phai thiét 1ap mot nguyén
t0 ganvanic gébm mot dién cuc c6 thé phu thudéc vao ndng dd ion mudn chuan (goi
la dién cuc chi thi) va mot dién cuc c6 thé khéng ddi (thwong goi la dién cuc so

sanh). Do sirc dién dong cta nd trong sudt qua trinh chuan do. V& duong cong
chuén do, tir d6 tim diém twong duong.

Vidw

Xac dinh ndng do dung dich NaCl bang phwong phap chudn do do thé. Dung
dich chuan 6 day la dung dich AgNO03.

Thiét 1ap nguyén t6 ganvanic gom dién cuc Ag nhing trong mot thé tich xac
dinh dung dich AgN03va mot dién cuc calomel chuan (hinh 8.13). Tl buret chira
dung dich NaCl chuwa biét ndbng do, thém dan vao céc chira hai dién cuc. Sau moi
lan thém lai do stc dién dong.

NacCl

10

ml  NaCl
- AgT

Hinh 8.13. Nguyén tac cua phuwong phap chuin do do thé'

E = eAE/AE - E“ 1= 8° + °’059 Ig [A s+] ~ £cal

Trong qud trinh chuan do, néng dé [Ag4] giam dan. Do dé6 E do duwoc giam
dan. Tai diém twong dwong néng dé [Ag+ vo cung bé lam cho E gidm mot cach dot
ngot. V& duwong cong chuan do va tim diém twong dwong trén dudng cong do.

4.5. Nguon dién mot chiéu

Cac nguyén td ganvanic dwgc st dung trong doi song va trong ky thuat nhu
ngudn dién mot chiéu dudi dang cac loai pin va cac acquy khac nhau.
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Vi du:
4.5.1. Pin khé Loclansé (Leclanche)

Pin nay c6 cuvc &m (anod) bang k&m cudn thanh 6ng hinh tru chta chéat dién
ly 1a hén hop NH4CL va ZnCl2trong hd tinh bdt. Cuc dwong (catod) 1a mot thoi
than chi dugc bao b&i mot mot 16p M n02(hinh 8.14).

Graphit C (9

Hinh 8.14. Cau tao cla pin Leclanche

- Zn/ NHACL, ZnCl2/ Mn02 C +
Khi pin lam viéc xay ra cac phdn (ng sau day:
Anod: Zn - 2e *Zn2*
Catod: 2Mn02+H2 +2e —*Mn20 3+ 20H~

Phan (*ng tong cdng trong pin:

Zn +2MnOz+H20 —Zn2++ Mn20 3+20H~
ion OH~va Zn2+tiép tuc tham gia cac phan (ng:

2NH; +20H- ->2NH3+2H2.

Zn2++2NH3+ 2Ci- -> [Zn(NH3.JCI2
Strc dién dong cla pin khoang 1,5 V va chi dung dwgc mot lan.

4.5.2. Acquy chi Q T

hxo4

Hinh 8.15."So" d6 céu tao clia acquy chi
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Acquy chi gébm cac tdm dién cuc am la chi va cuc duong la Pb02nhing trong
dung dich H250438% (hinh 8.15).
Pb/ H2S04/ Pb02
Phan (rng tdng cdng trong quéa trinh phdng dién:
Pb + Pb02+ 2HXS 04— 2PbS04+ 2HD
Khi m&i nap, acquy c6 suat dién dong khoadng 2V. Néu ndi tiép 3 cdp dién cuc
thi dwgc acquy c6 dién ap la 6V. Trong qua trinh st dung dién ap gidm dan. Bén
1,85V can tién hanh nap lai acquy.
Nhu vay acquy khac pin 6 chd cé thé sir dung n6 nhiéu lan.
Trong thuc t€, khi méi san xudat thi cac tdm dién cuc cla acquy la cac tdm hop kim

chi co6 nhirng khoang tréng chita PbO. Khi dwgc nhiang trong dung dich HZ 04ching déu
tro thanh PbSO<:

PbO + HiSO, — PbS04+ HD
Khi nap dién cho acquy:
O cuc dwong xay ra phan @ng:
PbS04-2e +2HtO —Pb02+so/- +4H+
O cuc am xa&y ra phan @ng:
PbS04+2e —=*Pb +so/-
Phan (*ng tong cong trong qua trinh nap:
2PbS04+2HiO —*Pb +Pb02+HZXS 04
Luc nay hai dién cuc cta acquy la Pb - cuc am va Pb02- cuwc duong.
Khi st dung:
O cwc am cla acquy co phan &ng:
Pb-2e +S04--+PbS04
Con 6 cuc duong:
Pb02+2e +4H* +SO/- —PbS04+2H20
Phan (*ng tdng cdng trong quéa trinh phéng dién:
Pb + Pb02+2HiS04—2PbS04+2H20
Ta nhan thay ph&n (ng nay nguoc voi phan (ng cla quéa trinh nap dién.

5. Su BDIEN PHAN

5.1. Dinh nghia

Qua trinh oxy hoa khr xay ra trén cac dién cuc khi c6 dong dién mot chiéu di
qua chat dién ly néng chay hay dung dich goi la sy dién phan.

Trong qué trinh dién phan céc cation chay vé cuc &m (catod) con cac anion chay
vé dién cuc dvong (anod), tai d6 xay ra phan (rng trén cac dién cuc (s phdng dién).
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Nguoi ta pha&n biét: dién ph&n nong chay, dién ph&n dung dich, dién phén
dung dién cuc duong tan.

5.2.Dién phan néng chay

Vi du:
bién phan NaCl nong chay:
NacCl
R Na cro = ®)
2Na+ + 2e = Na 2CI* - 2e — CI2
2NaCl — 2Na + CI2

Nhu vay khi dién phan nong chay trén moi dién cwc chi xay ra mot phan (ng
duy nhét va do dé dé dang xac dinh san phdm cla quéa trinh dién phan.

5.3. Dién phéan dung dich

Trong sv dién phan dung dich, ngoai cac ion do chét dién ly phan ly ra con co
cac ion H+va OH" clia nwdc. Do do viéc xac dinh san pham cua sy dién phan phirc
tap hon. Tuy thudc vao tinh khi va tinh oxy hoa cla cac ion cé trong binh dién
phan ma ta thu dwoc nhitng sdn pham khéac nhau.

Vi du:

Khi dién phan dung dich NaCl, cac ion Na+ H+chay vé catod con cac ion ClI",
OH~ chay vé anod. lon nao trong s6'chling sé phdong dién & cac dién cuc?

Co s& dé giai dap van dé nay la dua vao cac gia tri thé oxy hoa —kh( cla cac
cap. Trong qua trinh dién phan, trén catod sé dién ra sy khir. Vi vay khi co nhiéu
dang oxy hoa thi truédc hét dang oxy hoa cla cac cap co thé Ion sé bi khir. Nguoc lai
trén anod sé& dién ra sw oxy hoa dang khir clia cap cd thé oxy hoa - khir nhd nhét.

5.3.1.Kh& nang phdng dién clua céc cation 6 catod.
& catod co6 thé xay ra cac qua trinh khir sau day:
Mnt+ ne —M
2H+(acid) + 2e —H2 hodac ion hydro cua nuéc bi khi:
2H2 + 2e -+ H2+ 20H-
Dang oxy hoa ciia nhirtng cdp co thé cang 16n cang dé bi khi.
Theo ddy thé oxy hoa khir thi kha nang bi kh* cta céac ion kim loai nhv sau:
- CA4c cation tir Zn2+dén cubi day Hg2+ Cu2t Ag+.. dé bi khr nhéat va theo thi
tv tang dan.
- Tl Al3+dén cac ion dau ddy Na+ Ca2 K+.. khdng bi kht trong dung dich.
- Riéng céc ion H+cua acid hay cta nwé¢c khé bi khtr hon cac ion kim loai.
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5.3.2. Khd nang phéng dién cua cac anion ¢ anod

& anot xdy ra qua trinh oxy hoa cac anion géc acid vi du Cl~, s2-... hodc ion
OH- clia base kiém hay nuéc:

2C1"- 2e -» Cl2

H2 - 2¢ 5 02+ 2H+

Dang khit cia nhitng cap co6 thé oxy hoa khir cang nho cang dé bi oxy hoa.
Theo day thé oxy hoda —kh@ thi kh& nang bi oxy hoa clta cac anion nhu sau:

—Caéc anion goc acid khéng chira oxy dé bi oxy hoa nhét theo thir tv ting dan
vidutrcr, Br~ r, s2'..

—Cac anion gdic acid nhuv N03'. s0.,2, P043-.. khong bi oxy hoa.

—Riéng cac ion OH“cla kiém hoac cla nwéc kho bi oxy hoa hon cac ion s2,r,
Br~, Cl- ...

—  Néu khi dién phan khdng dung cac anod tro nhw graphit, Pt ma dung cac
kim loai nhw Ni, Cu, Ag... thi cac kim loai nay dé bi oxy hoa hon cac anion vi thé
oxy hod —kh@ clia ching thdp hon. va do d6 ching tan vao dung dich (anod tan).

Du¢i day la mot s6 vi du vé&' dién phan:

Vidu 1:
bién phan dung dich CuCl2véi anod tro:
CuClo
) Cu2+ cr €]
Cu2+ +2e—»Cu 2CF - 26 — L
CuCi2 “*w Cu+CI2

Vi du 2:
Bién phan dung dich K”so., voi anod tro:
K2504
) 2K+ SO4- (+)
2H20 +2e— 20H"+H2 H20 - 2e 2H+ + 2"°2
hAdD — h2t]-02

Trong trwvong hop nay nwéc bi dién phéan.

12- HOAPAICUONG
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Vi du 3:
bién phan dung dich NaCl v¢i dién cuc tro c6 mang ngan:
NaCl
) <— Na+ Cl- —» (+)

HD +e—=*0H_+ >H2 Cl*— ——=CI2,

NaCl + HD — NaOH + -2CI2+ - 5'2
Vi du 4:
Dién phan dung dich NiS04v6i anod tro:
NiS04
Q) Ni2+ SO 4------ > (+)
Ni2++ 2e -> Ni H2 - 2e —2H+ + - 02
N iS04+ H 20 — Ni+ H25S 04+ - 0 2
Al
Vi du 5:
bién phan dung dich NiS04véi anod Cu:
NiS04
Q) Ni2+ S04 — » (+) Cu
Ni2++ 2e H Ni Cu- 2e — Cuz
NiS04+ Cu -> CuS04+ Ni

5.4.Dinh luat vé dién phan

Khéi lvong chéat giai phong trén moi dién cuc ty 18 voi dién lvong di qua dung
dich va dvong lvong cua chat.

- L ot
M = 96500 n

A: khoi lvong mol nguyén tlr hay phan tlr ctia chat ()
n: s electron thu hay nhudng

I: cwong d6 dong dién (Ampe)

t: thoi gian dién phan (giay)

96500: sd6 Faraday (Culong) —Dién lvgng can thiét dé mot mol ion bién thanh
nguyén t hay phén t trung hoa.
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6. THE PHAN CWC, THE PHAN GIAI VA QUA THE

Thuc té€ cho thdy mu6n ti€n hanh modt qua trinh dién phan nao do6 nguoi ta phai
dung dong dién c6 mot thé hiéu xac dinh. Vi du muén bt dau qua trinh dién phan
dung dich ZnCI2 IM véi cac dién cuc graphit phai dung mot thé hiéu t6i thiéu la
2,12V. Tuy nhién trong thuc té dé duy tri sy dién phan dén cing nguoi ta phai ding
mot thé hiéu la 2,38V. Dién thé nay duoc goi la thé phan gidi, ky hiéu la Epg Nhu vay:

Thé phan gidi la thé can dat vao cac dién cwc dé duy tri qua trinh dién phan

NEu dung thé hiéu nhd hon thé phan gidi thi thwc té qua trinh dién phan sé
bi ngirng lai ngay. Biéu nay duoc gidi thich nhv sau: trong vi du trén, néu dung
thé hiéu nho hon 2,12V thi thoat dau quéa trinh dién phan van xay ra, Zn dugc
gidi phong & catod bam Ién dién cuc graphit bién n6é thanh mot dién cwc kém con
clo dwgc gidi phéng & anod hdp phu trén dién cuc bién dién cwc nay thanh mot
dién cuc clo. Binh dién phan luc nay tré thanh nguyén td ganvanic:

(-) (C) Zn/ ZnCl, I CI2(C) (+)

Nguyén td nay c6 sudt dién dong:

E*<v'g--<,,z,= 1.36-(-0,76) = 2312V

(con duwoc goi la thé phan cuwc, ky hiéu Epc) cho dong dién nguoc chiéu véi dong dién
bén ngoai dung dé dién phan. Két qua dong dién cla ngudn dién ngoai tré thanh
bang 0 va qua trinh dién phan dirng lai. Nhu vay thé phan cuc co thé coi 1a bang
suat dién dong cua nguyén t6 ganvanic hinh thanh trong qué trinh dién phan.
Hiéu s thé phan giai va thé phan cuc duoc goi la qua thé dién phan (ky hiéu
la AE)
AE = Epg- Ep.

CAU HOI Ty LUONG GIA

8.1. Binh nghta: $8'oxy hoa, phan (rng oxy hoa - khlr, chat oxy hoa, chéat kht, qua
trinh oxy hoda, qua trinh kh.

8.2. MOt cdap oxy hoad - khir dwoc viét nhu thé nao? Pai lwgng nao dac treng cho
kha nang tham gia phan (ng cia mot cap oxy hoa - kh*? Pai lvong do duoc
sap xép nhu thé nao? Theo sy sap x€p d6 kha ndng phan (ng cla cac dang
kht va dang oxy hoda bién do6i nhuv thé nao?

8.3. Hay cho biét chiéu cia mot phan (*ng oxy hoa - khir. Cac phan (*ng sau day
xay ra theo chiéu nao & diéu Kién tiéu chuén?

a) SnCl4+ FeCl2 <> SnCI2+ FeCI3

b) Br2 +Kil <> KBr+I12
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c) FeS04 + CuS04 < Cu + Fe2S043
=

d) 12 + KOH . KI+HD 2
e)KMnO, + KNO02 + H2S0< MnS04+ KNO3+...
f) KNO2 +KI +HXO <> NO+I2

8.4. Viét phuong trinh va can bang cac phan ¢ng oxy hoa - khitr sau day va cho
bi€t cach tinh duong luong gam cla cac chat oxy hoa va chéat khir tham gia
vao cac phan tng do.

a) KMn04+ HX2D 4+ HS 04—

b) Mn02+ KI +... =*MnS04+ 12+...

C) KCr 7+ CHMOH +... CrS043+ CHECOOH +...
d)hZx +hno3" s +no2+..

e) KMn04+ HD 2+...

f) FeSO, + HD 2+ HS 04—

8.5. Viét phwong trinh va can bang phéan (ng sau day bang phuong phap thing
bang electron.

a) M A+ HNO3—%NO +...
b) MA. + HS04(d) S02+...

8.6. Hay giai thich sy hinh thanh thé dién cuc trén cac dién cuc kim loai.

8.7. Cong thirc Nernst vé thé dién cuc? Cau tao va cong thic thé dién cuc cla cac
dién cuc: hydro, do, calomel, thuy tinh, dién cuc oxy hod —khir sat,
quinhydron.

8.8. Thé nao la nguyén t6" ganvanic? Cho vi du. Stc dién ddong cla nguyén tb
ganvanic dwoc tinh nhuv thé nao? Tinh sic dién dong cla cac nguyén t6 sau
day & 25°c.

a) Pb/ Pb2+0.01M // Cu2+0.01M / Cu

b) Cr/ Cr3+0,05M // Ni2+0.01M / Ni

¢) Cu/ Cuz-0,005M // Cu2+0.05M / Cu

d) (Pt)/ Cr3t Cr2t// Fe3t, Fe2+/ (Pt) néng do cacion bang IM

e) (Pt) Fe3t Fe2+// CI*/ CI2(Pt) nong do cac ion bang IM, pa =latm

f) (Pt)/ Fed Fez// CrdD 72-, Cr3+/(Pt) néng do cac ion bang IM
8.9. Cau tao va cong thic tinh stc dién ddng cta pin ndng d6? Cho vi du.

8.10. Thé oxy hoé - khir tiéu chuan cuta cac cdp oxy hoa - khlr dwoc xac dinh nhw
thé nao? Cho vi du.

8.11. Viét so do cdu tao cac nguyén td ganvanic trong do xay ra cac phan tng:

a) Ag* + Cu -> Ag + Cuz+
b) Fe + CI2 -> Fe3t+ 2Cr
c)Cl2+ H2 -» 2H++ 2C1“
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d) Feat+ Zn -» Fe2r+ Zn2+
e) Ag++ Cr2t -» Ag + Cr3+
f) Pb + Pb0. + H.S0. — PbS0. + HXD

8.12. Néu nguyén tac cla viéc xac dinh pH bang phuong phap dién hoa. Trinh
bay cach xac dinh pH cta dung dich bang céac cip dién cuc hydro —calomel,
thuy tinh- calomel, quinhydron- calomel.

8.13. Néu nguyén tic cla viéc xac dinh ndng do ion bang phuong phéap dién hoa.
Trinh bay cach xac dinh nong do cac dung dich HS04 FeS04, AgNO03 NacCl.

8.14. D€ xéac dinh pK* clia HNO2va pKfe cia CEBHINH2nguoi ta thiét 1ap cac nguyén
10" sau:
a) (Pt) IV HN020.1M // C1-(KC1 bdo hoa), HgXI2/ Hg
b) (Pt) HJ CBHENH20,00im // cr (KCL b3o hoa), Hg2CI2/ Hg
va do strc dién dong clia ching twong (ng vai nguyén té’(a), (b) la 0,37V va 0,7V.
Tinh pKava pKb.

8.15. Bé xac dinh tich so tan clia AgZr04nguoi ta thiét 1ap cac nguyén tcisau:
Ag/ dd bdo hoa Ag2Cr04// AgX030,1M /Ag
Strc dién dong cla pin do duoc la 0,153 V. Hay tinh tich s6 tan cia Ag2Zr04

8.16. Su dién phan la gi? Viét phuong trinh dién phan cac dung dich CuBr2 KNO03
AgNO03 CaCl2véi hai dién cuc platin; dung dich hon hop hai muéi AgN03va
CuS04vai hai dién cuc platin; dung dich N1SO4vai hai dién cuc Ni.

8.17. Hay néu Ién ban chéat cua qua trinh ma dién? Lay vi du ma bac I1én mot vat
kim loai dé minh hoa.

8.18. Pinh nghia thé phéan gi&i? Qua thé? Nguyén nhan nao dan dén qua thé
trong dién phan? Thé phan giai cta dung dich NiCl2= 1,85V, ZnS04= 2,35V
va HX04= 1,67V. Tinh qué thé.
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HUONG DAN GIAI BAI TAP VA TRA LOI CAU HOI

BAI 1. CAU TAO NGUYEN TU

1.2

1.3.

1.4.

1.5.

182

. Doi voi qua bdng ban:

,'AACV— 0.62. 10'7 « 3625 cm/s

Nhan xét: B9 bat dinh hay sai s&' vé toc dd vd cung nhd so véi tdc do cla qua
béng ban (khoang 3.103cm/s)
Pbi voi electron:

AX= ---6:28,629"11%6‘ --168: 1,2.10-8cm

Nhan xét: B0 bat dinh hay sai s6 V&' vi tri rdt I6n so véi kich thudc clia nguyén
tt (khoang 10-8cm).
DPoi voi chuyén dong cla o6to:

X=6,62~10 7 *2,78.10“F3cm

10~ 1
0 36%0

Nhan xét: X qua nhd, do dé c6 thé bd qua tinh chat song.
DPoi voi chuyén dong cla electron:
6,62. 1(TZ

9,1.10 . 10s

-*7°10 8cm

’
X

Nhan xét: X co thé so sanh véi Xcla tia gama va tia X. Nhw vay electron con
thé hién ban chat song.

Phuong trinh Schrodinger la phwong trinh mo ta trang thai chuyén dong cta
cac hat vi md trong khdng gian. Khi gidi phuvong trinh nay thu dwgc cac ham
song \ va cac thudc tinh vat ly cia hat nhu ndang lwvong toan phan E, momen
dong lvgng M... Nhuv vay tr phuwong trinh nay ta thu dugc day du nhiing
théng tin vé trang thai cia mot hat vi mé xac dinh. M6i ham lii (nghiém cua
phuong trinh Schrodinger) mé td mot trang thai chuyén dong cta hat vi mo
trong khong gian.

li/2biéu thi mat do xac suat tim thdy hat tai mot diém trong khong gian.

M2 dV (dV= dx.dy.dz) biéu thi xac xudt tim thay hat tai mot thé tich nguyén "
Nhi*rng nghiém thod méan phuong trinh Schrodinger viét cho nguyén te:
v (r,0, 9 goi la cac orbital-nguyén.ti.(AO)



1.6. May electron la vung khdng gian xung quanh
hat nhan trong dé tap trung phan lén xac suat
cé mat electron (khoang 90 - 95% xac sudat) /la1™fe«9 0 -95°

Nhu vay may electron c6 thé coi la hinh anh
khéng gian cla orbital nguyén tu.

1.8. Ej =-13,6 eV
E2=-3,4 eV
Vay khielectron chuyén tr méc thé nhat Ién muc thi hai né hdp thu mot
nangluvong: AE =-3,4 - (-13,6) =+ 10,2 eV

1.9. il m(r,0,g>): Ham phu thudc vao cac bién sér, 0, @
Rjjj (r): Ham phu thudc vao cac bién s6'r va dwoc goi la phan bankinh (hay
phan xuyén tdm cla ham séng, phan nay quyét dinh kich thuéc cla orbital.
Yjm(O,>): Ham phu thudc vao cac bién s6 0, 0 va dwoc goi la phan gbc ciia ham
song, phan nay xac dinh hinh dang cla orbital.
MVIm (r,9,<p) = Rni (r). YIm(0,cp)
1.10.
SO lvong t& n nhan cac gia tri n = 1 dén n.
S6 lugng tr 1nhan cac gia tri 1=0dénn - 1.
S6 lvong td m nhan cac gia tri m=-10 +L

S6 lvong tr ms nhan cac gia tri +2—va —
t’ng vOi mot gia tri cha n Qbp) cd n gia tri cta 1 (phan lép)
t’ng vOi mot gia tri cua 1 (phén I6p) c6 21 + 1 gia tri cia m (orbital) vacd (21 + 12

electron voi ms +A va — .
S

. e ., . 1Al
Tw do: Tong sob electron trong mot lep la ~ (21+1)2 = 2n2

1=0

1.11.
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Is: Hinh cau

2px Hinh s6 tdm ndi dinh huwéng theo truc X

3dxz Hinh hoa thi dinh huéng theo cac dwdng phan giac cua géc XQZ
3d , J:Hinh hoa thi dinh hwong theo hai truc Xvay

So sanh Is va 2s: Cung c6 dang hinh cau nhwng 2s c6 kich thudc l1én hon.
2px, 2pV, 2pz: Cung c6 dang s6'tdm ndi nhwng hvéng theo 3 truc x,y,z.
1.12.
Is 2s 2pX 2pz 2pv

VI.QO "~ 2Q0 1 V210 721
1.13.

Vl.0.0 vel+H N320
1.14.

—Nang lvong cta cac AO tang dan theo tri s6 n+1.

—Néu 2 AO ¢6 tri s6n +1 bang nhau thi AO nao c6 n I6n hon s& c6 nang luong

cao hon.
Vidu: Is (1+0) < 2s (2+0) < 2p (2+1)... 4s (4+0) < 3d (3+2)...
3d (3+2) < 4p (4+1) < 5s (5+0)...
1.15.
Trong nguyén t& cac electron chiém lan lwgt cac orbital c6 nang lwgng tr thap
dén cao.

Duva vao bac thang nang lvong cac AO, khi biét sO thr tw z c6 thé viét duoc
cau hinh electron cita mot nguyén to"

Vi du: Nguyén t6 z = 17 c6 cdu hinh 1s22s22p63s23p5

1.16.
Trong nguyén tlr khong thé cé hai electron giéng nhau ca bon sdlwong to.
Piéu nay cling c6 nghta la trong méi AO (c6 n, 1, m gidng nhau) chi co thé co
2 electron c6 spin +1/2 va —1/2. Tir d6 c6 thé tinh dwoc sci electron t6i da trong
moi phan 16p, moi 16p:
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1.17.
a) Khi n = 3 thi 1chi c6 thé co6 cac gia tri 0, 1, 2 khdng c6 1= +3.
b) Khéng co 1=- 1.
¢) Khi 1=1 thi m chi cé thé c6 cac gia tri -1, 0, +1 khong c6 m = +2
d) Twong tv (c) khi 1= 3 khong thé c6 m = -4.
1.18.
Nguyén t& nito c6 7 electron c6 cac s6 lvgng tl¢ nhu sau:

electron 1 2 3 4 5 6 7
n 1 1 2 2 2 2 2
1 0 0 0 0 1 1 1
m 0 0 0 0 -1 0 +1
ms +1/2 -1/2 +1/2 -1/2 +1/2 +1/2 +1/2

Chuy: Céac electron 5,6,7 c6 thé cung c6 spin —4/2
1.19. Trong mot phan muc cac electron cé xu hwéng phan bd'déu vao cac 6 lvong
ttr sao cho so electron doc than la I&n nhat.
Vi du:
Is2 252 2p°
0 0 E t t

Quy tac Hund cho phép viét cdu hinh electron clia nguyén t& & trang thai co
ban duwéi dang 0 luong ti.

1.20.
z Cau hinh e (chi viét 2 I6p ngoai cing) cky nhém Tinh cha't

Tinh kht

28 3s23p63d84s2 4 VIIIB . . o
Kim loai chuyén tiép
Tro vé hoa hoc

36 3s23p63d84s24p6 4 VINA i
Khi hiém
Tinh kht

37 4s24p64d° 551 5 IA . D
Kim loai kiém
Tinh kht

42 4s; 4ps 4ds 5s. 5 VIB . . o ix
Kim loai chuyén tiép
Tinh kh

47 4s, 4ps 4d., 5s: 5 IB . . o .
Kim loai chuyén tiép
Tinh oxy hoa

53 4s, 4ps 4d., 5s, 5p5 5 VIJA y
Halogen

56 4d., 5s. 5pa s S2 6 1A Tinh khir
Kim loai kiém thé

80 4f,5s, 5p5 5d..6s: 6 11B Tinh kher

Kim loai chuyén tiép
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1.21.

Ng ter C4u hinh electron Ho4 tri
EH . e doc than, hoa tri .
2 S 2 P
S 16 ot . e doc than, hoa tri .
S* % t t t t 4e dbc than, hod tri 4
s 0 S 7 t t « € doc than, hoa tri
N t tt 3e dbc than, hoa tri 3
15 t tt 3e dodc than, hoa tri 3

5e dbc than, hoatri 5

. e doc than, hoa tri .

Cl 17 EE Ut“tl t 1ed(f)c thén, hoa tri 1
k* t t 3e dbc than, hoa tri 3
t tt tt 5e doc than, hoa tri 5

t tt ttt

7e doc than, hoatri 7
1.22.

Cu+ Is2 2s2 2p6 3s2 3p6 3dI0 (4s°)
Cu2+t1s2 2s2 2p6 3s2 3p6 3d9 (4s°)
Fe2+ Is2 2s2 2p6 3s2 3p6 3d6 (4s°)
Fe3r Is2 2s2 2p6 3s2 3p6 3d5 (4s°)
Mn2+1s2 2s2 2p6 3s2 3p6 3d5 (4s°)
Mn7A1s2 2s2 2p6 3s2 3p6 (3d°) (4s°)
1.23.
Ar(z =18) 1s22s22p63s23p6
Cation  K+(19-1);Ca2+(20-2);Sc3+(21-3); Ti4+(22-4).
Anion  Cl- (17+1); S2(16+2);P3+ (15+3)
1.24.
4 loai (khoi)

Ann

+ Nguyén t0"khdéi s: Phan 16p s dang xay dwng va hoan thanh.
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Caéu hinh electron lép ngoai cung ns1hoac ns2
+ Nguyén t6 khéi p: Phan I6p p dang xay dung va hoan thanh.
Cau hinh electron Iép ngoai cung ns2npldén ns2np6
+ Nguyén toi’kh6i d: Co 2 electron 16p ngoai cung, phan I6p d dang xay dwng
va hoan thanh.
Cau hinh electron (n —1) d1 10ns2(trir mot s6 ngoai 1€)
+ Nguyén t6' khoi f: C6 2 electron I¢p ngoai cung ns2(6s2hoac 7s2
Cau hinh electron (n - 2)f114n - 1)d0O-1 ns2(tri*r mot s6"ngoai 1)
1.26. C4u hinh electron cua cac nguyén td' nhom 1A nsl R4t dé mat electron duy
nhat, thé hién tinh kht rdat manh.
1.27. C4u hinh electron cta cac nguyén té nhém VIIAns2np5. R4t dé nhan thém
mot electron, thé hién tinh oxy hoa rdt manh.
1.28.
IAva IB
+ Gibng nhau: C6 1 electron phan miéc s ngoai cung IAns% IB (n- 1)diOnsl
+ Khac nhau: 6 nhom IBphan mic sat ngoai cung (n - 1)d da bdo hoa.
I1A va IIB
+ Gibng nhau: C6 2 electron phan mtc s ngoai cung IHA ns2 IIB (n - 1)d10ns2
+ Khéac nhau: O nhém 11B phan mrc sat ngodi cung (n- 1)d da bdo hoa (n- 1)d10
IB va IIB
+ Gibng nhau: Phan muc sat ngoai cung (phan mac d) dd béo hoa (n-1)d 10
+ Khac nhau: C¢ 1 electron phan mic s ngoai cung & IB va 2 electron & IIB.
1.29.

Li Be B c N 0 F Ne
2s’ 252 2s2pl 2s2p2 2s2p3 2s22p4 2s22p5 2s22p6
Na Mg Al Si p S Cl Ar
3s1 3s2 3s23p’ 3sBp2 3s23p3 3s23p4 3s23p5 3s23p6

Tinh chat hoa hoc cla cac nguyén to" dwoc quyét dinh chl yéu bdi s6 electron
I6p ngoai cung. Su ldp lai tuan hoan cdu hinh electron nhu thay & chu ky 2 va
3 chinh la nguyén nhan tao ra sy bién thién tuan hoan tinh chét cta cac don
chét va hop chat cac nguyén t6"& chu ky 2 va chu ky 3.

1.30. Tinh chat cta cac nguyén t6" & chu ky nhoé bién ddi nhanh, trong khi dé & cac
chu ky I6n cham hon nhiéu. Vi du & chu ky 3 chi v6i 4 nguyén t6 dau la Na,
Ca, Al, Si da chuyén tr mot kim loai manh (Na) sang mot phi kim (Si).
Nhung & chu ky 4 tir K.dén Ga (qua.11_nguyén to) van la mot kim loai.
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1.31. Trong mot phan nhoém chinh, theo chiéu tr trén xuéng duwdi, tinh khi tadng

va tinh oxy hoa gidm. B¢ la vi, di tir trén xudng, ban kinh nguyén t&r tang dan
(tang s6' lop electron), dién tich hat nhan cling tang, nhwng ban kinh tang
nhiéu, anh hwéng 16n dén lyc hat gilta hat nhan va electron ngoai cung.
Do6i voi cac nguyén toé'trong mot phan nhém phu tinh kh&r gidm dan dé la vi
theo chiéu tlr trén xubng, dién tich hat nhan tdng nhiéu nhung ban kinh
nguyén tir ting khong dang k& dan dén tang lwc hat cha hat nhan déi voi
electron & 16p ngoai cung va do dé tinh kim loai gidm.

1.32. Nguyén td c6 z = 120.

1.33. Nguyén t6 z = 112 cdu hinh electron 6d107s2 nguyén t6 chuyén ti€p nhém 11B
Nguyén t6 z = 118 cau hinh electron 7s2 7p6, nguyén td khi hiém, nhém
VIIIA, bén vé mat hoé hoc.

BAI 2. LIEN KET HOA HOC VA CAU TAO PHAN TU

2.2.
Ax > 2 Lién két ion
A/ < 2 Lién két cong hoa tri. Trong d6 khi Ax = 0 lién két cong hoa tri khong

phéan cuc
0< Ax < 2 lién két hoa tri cong phan cuc.
2.3. H
i
H:0 :H H:N:H H:N:H 0j:C::JD 0j:S--0]
H H
|(3| A A .O| H:0x x O
0::s—OH:0:N—ol H:0:N S

x Oj H:CK''M)1

2.7. Lién két hoa hoc tao ra do su xen phl cac AO theo truc né6i hai nhan cla
nguyén tir duoc goi la lién két xich ma. Lién két o c6 thé hinh thanh do su
xen phu cac ddm may s- s, s- p hay p- p (hinh 2.2).
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2.8.

2.9.

Lién két o dat duoc sv xen pha 16n nhat vi vay lién két xich ma la lién két bén.
—Lién két hod hoc tao ra do su xen phi cac AO & hai bén cuda truc noi hai
nhan nguyén tir dwgc goi la lién két pi. Lién két ncd thé hinh thanh do sy xen
phld cac dam may p —p, p —d hay d —d.

So véi lién két n thi lién két o bén hon vi méc dd xen phi Ién hon va vung xen
phd ndm trén truc ndi hai nhan nguyén td.

Lai hoa la su t6 hop cac AO khac loai dé tao ra cAc AO hoan toan giong nhau
vé hinh dang, kich thich va nang lvgng nhwng cé huéng khac nhau.

Lai hod sp

2 AO lai hoa (may lai hod) huéng theo 2 huéng trong khéng gian, truc cua
2A0 nay tao ra goc 180°. Vi du, su lai hoa cac AO trong nguyén tir Be.

Lai hoa spa

3 AO lai hoa hwdng theo 3 dinh clla mét tam gidc déu, truc ciia 3A0 nay tao
ra géc 120°. Vi du, sv lai hoa cac AO trong nguyén ti B.

Lai hoa sps

4 AO lai hoa huwdng theo 4 dinh cliia mot t dién déu, truc cla cac AO nay tao
ra goc 109°28\ Vi du, su lai hoa cac AO trong nguyén ti c.

+ Phan tor CO

Nguyén t ¢ khéng lai hod. Gilta ¢ va o cd 1 kién két o (xen phi px—pX), 1
lién két n (xen pht pv—py) va 1lién két 7Zcho (pzcla nguyén t&r o c6 mot cdp
electron cho mot electron vao pzcla ¢ con tréng).

+ Phan tr C02

Nguyén tlr ¢ lai hod sp. Gitta ¢ va 0 c6 2 lién két o (xen phu L - pX va mot
lién két Lkhdéng dinh cu (xen phu pz- pz- P2).

+ Phan tir S02

Nguyén tlr s lai hod sp2 Gilta s va o tht nhat c6 1lién két o (xen phd L - Px) va
11ién két n (xen phu pz- Pz). Gita s va 0 th¢ hai (& nguyén tl nay cac electron
dugc don vao 2 AO pxva pz dé trong AO Py) lién két o cho (xen phl L - py).

+ Phéan tir S03

Nguyén tlr s lai hod sp2 Gilta s va o thr nhat c6 1 lién két o (xen phu L - pX
va 1 lién két 7L(xen phu pz- Pj). Gilta s va 0 th® hai, ba (¢ cAc nguyén t&r nay
electron dwgc don vao 2 AO pxva pz dé trong AO py) tao 2 lién két o cho (xen
pha L - Py).

2.10. Trong céac phan t nay, cac AO p thuan xen phQ véi nhau tao ra cac lién két 7L

Céac electron dwoc gidi tod trén tat cad cac nguyén tir ¢ (lién két L khdng dinh
cw). Dé biéu dién lién két nay nguoi ta dung cac ddu chdm
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C —C-

Cee'C C —C-uc
2.11. -

—Phéan t duoc coi nhy mot hat thong nhét, trong dé moi electron lién két
chuyén dong trong mot dién trweong gay ra bdi cac hat nhan va cac electron
con lai.

—Khi hai nguyén tl& di vao lién két, tdt cd cac AO cla ching td hop (xen pht)
V@i nhau tao ra cac orbital phan t&¢ (MO). Nhv vay trong phéan t& trang thai
cda electron dugc mé ta bang cac MO.

—Cac electron trong phan t& dwgc phan bd dan vao cac MO twong tv nhu sy
phéan bd*electron vao cac AO.

DPEé tim cac MO nguoi ta té hop tuyén tinh cac AO (phuong phap LCAO).

Khi t6 hgp hai AO thu duoc hai MO (ky hiéu M 0lkva MO¥*).

V6i MOk xac sudt c6 mat electron tap trung & vung gitta hai hat nhan nguyén
tlr, tao ra lyc hat gira 2 nhan, lién két duoc hinh thanh. Do d6 duoc goi la MO
lién Kkét.

Nguoc lai, véi MO* xac sudt co6 mat electron gitra hai hat nhan bang 0 dan
dén luc day, lién két khong tao thanh. Vi vdy MO nay duoc goi la MO phan

lién két.
2.12.
h 2+ (le) ol
h2 (2e) 02
He2+ (3e) 02 o*1
He2 (4e) 02 0*2

Phan tr He2cd dd boi B = —(2 —2) = 0 vi vay khdng ton tai.

2.13.
AT Cadu hinh electron . D Tir tinh
02 2 V.2 2 9 r F 2 Thuan tur
os oz N yr = K
2 2 2 9 9 ¢ 9 o
fs os os oz K =Ky~ =ni ! Nghich tir
2 2 2 2 2 2z 2 1 Nghich tir
114 osos oz < =K < =y ghi
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2.14.

1 ) ) Ti tinh
Li2 of 0
8¢ ol 1 Thuén t
n2 ai nl= Ttyo2 3 Nghich tir
2.15.
AB . 0 Tir tinh
CN- E f 2= 7% 3 Nghich tir
2 > 2 2.2 R
NO* af of #?- iPo% 3 Nghich tir
HF T ST A 1 Nghich tr
2.16.
cv oz = 2 y P=25
2 2 2* * _
Or 0z = *y < = & b= 2,0
2 2 _
s 0z *e= K D =10
2 2 _
0 2 0z <= w =< D - 2

02+c6 do dai lién két nhd nhét va nang lwgng lién két 16n nhat.
02-c6 do dai lién két 16n nhat va nang lvgng lién két nhé nhat.
2.17. Khi hai nguyén tt c6 su khac nhau vé do6 dién am lién két v6i nhau sé tao ra
lién két phan cuc. Vi du: Lién két H- Cltrong HC1, lién két ¢ - o trong C02
6+ S— 5— 5+ 06—
H—CL 0O0=c=o0
Mot phan tir sé phan cuc khi trong phan tir d6 co lién két phan cuc va khéng
triét tiéu nhau, phan tl co6 cdu truc bat déi xing. Vi du: H2D, S02 CHClg.
C02 S03la cac phan tlr cé cdu trac déi xirng vi vay khéng phan cuec.
S02 HA, CHCI3 la cac phan tir bat déi xrng vi vay phan t& la phan cuc.

2.18. cci4 la phéan ti¢ khdng phan cyc. Do d6 khéng tan trong nwéc la dung moi
phan cuc.

CHB0OH tao ra lién két hydro voi cac phan tlr nwdc vi vay cé thé tan vo han
trong nuec.

2.19. Theo thuyét nay s hinh thanh phtc duoc thuc hién nhd tuong tac cho nhan cac
cap electron chua chia sé clia cac ph6i t&r va cac orbital tréng cla ion tao phtrec.
(Céc vi du xem trong sach gigo khoa)
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BAI 3. NHIET BONG HOC

3.1. Noi ndng la mét ham trang thai, n6 phu thuéc vao cac théng s6"trang thai
nhu: khdi lwvong, nhiét do, ap suat (néu la chat khi).

3.3.
T biéu thirc clia nguyén ly thit nhét, néu trong diéu kién dang tich hay dang
ap ta co:

Qv = AU va Qp = AH

ma u va H la nhirng ham trang thai nén bién thién cta n6 chi phu thudc vao
trang thai dau va cudi.

3.5.
Déi v6i nhitng phan tir gobm 2 nguyén tk thi nang lugng lién két gilra 2 nguyén
tu bang nhiét nguyén tir hoa cua phan tu.
3.6.
AHX =1AH*“ (sp)-1H®° (tg)
AHSG(Q4)  —AHX+ AHgCGQ + AHgHO
=-15,26 - 151,8 - 68,3 =- 235 kcal/mol
3.7.
AHx»(QiHA) =6 AHg@2+ 6 HgHO - AHX
=- 6.94,1 - 6.68,3 + 673 =-301,4 kcal/mol
3.8.
AHX =1 E (tg) - XE (sp)
AHX = Ecec+4Ech+ Ehh—Ecc—6Ech
“ Ecc+ Eh, —Ec-C~ 2Ec h
= 147 + 104 - 83 - 2.98,8 =-29,6 kcal
3.9.

Entropy la mdét ham trang thai ddc treng cho mic d6 mat trat tw cta hé. Xu
thé clia cac qua trinh ty nhién Ia dién ra theo chiéu ting mac do hon don (tir
trang thai co6 xac sudt nhd dén trang thai cé xac xudt Ién) hay theo chiéu tang
entropy cua hé AS >0

3.10.

Nang lugng tv do la modt phan cta enthanpy (dw trir nang lvgng toan phan

cla hé) ma phan dé trong qua trinh bién ddi ciia hé cé thé sinh ra cong co ich.
G=H-TS

Khi hé bién doi AG=AH- TAS = A’

Cac quéa trinh tw nhién dién bién theo chiéu sinh cong co ich (A<0). Tt do

tiéu chuén ty dién bién cia mot qua trinh hay phan tng la AG <O.
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3.12.
a) AS<0 AH>0 -* AG >0 Khéng tu xay ra.
b) AS>0 AH>0 -» AG <0  Tu xay ra.
C)AS>0 AH>0 —» AG <0 khi IAHI<ITASI x3dy ra®d T cao.
d)AS<0 AH<0 —» AG <0 khi IAHI>ITASI xay ra¢ T thap.

3.13.

AHpr =-57,8 + 4,8 = - 53 kcal.

ASpr =7,6+451- 49,1-24,5 =- 20,09 cal/mol.K.

AGpr =- 53.103- 298(- 20,09) = - 47013 cal/mol.

AGpr< 0  phdan rng xay ra theo chiéu tlr trai sang phai
3.14.

AHIIK = 94! 2n O+ 154,4 = 38,3 kcal

AGIK = 944 2398+ 109,6 = 7,24 kcal/mol

Vay & 300°K phan (rng xay ra theo chiéu tir phai sang trai.
ASMk =(AH™Kk -AG*k )T
= (38,3 - 7,24):300 = 0,104 kcal/mol.K
Goi nhiét do tai d6 phan (*ng xay ra theo chiéu tir trai sang phai la Tx. Khi do:

AGE = AHE -T xASE£ <0 Néu coi: *AH;k
*Ash
Tx > AHFOK : ASp™K = 38,3: 0,104 * 368°K.
3.15.
AG°U =£AGgtg- 1AGgsp - -40,3 +54,6 -16,3 =-2,0kcal/mol.
AS°U =1 s°sp- 1 s°tg = 54,5-45,1-52,5 = -43,lcal/mol.
AH?, = AS?, + TAS?, =-2,0.103- 298. 43,1 =-12846 cal.

Vay phan (ng xay ra theo chiéu ti trai sang phai, tod nhiét.
3.16.
Tinh theo bién thién enthanpy va entropy.
AG° = AH°-TAS”®
AH° la hiéu ¥ng nhiét ctia phan tng & diéu kién tiéu chuan.
ASOla bién thién entropy ctia phan tng.
AS° = IS°P- ISH
Tinh theo bién thién nang luong tw do sinh cla cac chat AG®S
AGp, - z AGg (ginpham ~ £ AGg (thamgia)
Tinh theo thé oxy hod —kh( tiéu chuan.
AG°=-nFFE°
Tinh theo h&ng so can bang cla phan @ng.
AG° =- 2 303RT IgK
Tinh toan dwa vao bién thién nang lvong tv do clia cac phan (ng ndi tiép.

1J°- HOAOAICUONG
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BAI 4. DPONG HOA HOC

4.4,
Bac phan (*ng phan anh sy phu thudc tong quat cla toc do phan (*ng vao nong
do chét phan (ng. Bac phan (rng c6 thé c6 gia tri bang 0, s6'nguyén hay phan so.
Phan tlr 8" st dung khi nghién cu co ché clia phan &ng, né cho biét so' tiéu
phan (phan t&, nguyén t hay ion) dong thoi tvong tac voi nhau trong mot
phan ng co s&. Vi vay phan tlr s8"chi c6 thé la nhitrng s6' nguyén duwong 1, 2,
3. Nhitng pha&n &ng c6 phan tr s6'> 3 hau nhv khéng gap.

4.6.
t=11n ~ =173,28 min
k 4
4.7.
In[A] = -kjt + In [AQ] khit=3
In[A] =-0,347 +in 0,5 =-1,734
[A]l =el, =0,177 mM
4.8.
Tw dé E = 29604 cal/mol
4.9.

Khi [HJ tang 2 lan v tdng 2 lan -»m =1
[IJ tdng 31an v tdng 3 lan —n =1
Vay v = k2[HZ[1] phén ¢ng béc hai.
4.10.
V=k3[N0]2102 Goi nébng dd dau cla NO va 0 2twvong tng la ava b
ta co: vO= k3a2b. Khi:
- Tang nong d6 0 21én 4 lan vl =k3a24b = 4v0tang 4 lan
- Tang nong d6 NO va 0 21én 3 lan v2=k3(3a)23b = 27v0tang 27 lan.

- Giam nong d6 NO 2 lan v3= k3 (—2b = — giam 4 lan.
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4.12.

" THiQ = yn T 3,1)4=924
l, kKt
4.13
y=3
3n=jMtalg = 243—n =5 —*tdng thém 50°
kT
4.14.

Vi toc do ty 1é nghich véi thoi gian, ta co:

= TEIxIJiL = iiL = = y3 =23 t30= 128 ngay
) 1:30 tso
4.16.
E:1|_TT- In» = I~ 1~1In % 1" =16162 cal/mol
2-T, kTl 323-293 3.10'2
A=Ink+— =In 4. KT1+ 1616— =23,9
RT ,98.323
Ink = 161--- + 23,9
RT
4.17.
_ K _E(T2-T,) _ 30000(303- 293) kT2 _ 551
KT, RT, T2 1,98.303.293 ~ kT
4.18.
g =RGT3;, K _ 1.98.283.293,, _ 748F5 cal/mol
T,-T2 kT 293-283
4.22.

a) Chiéu thuan; Khong chuyén dich.
b) Chiéu nghich; Chiéu thuan.
¢) Chiéu nghich; Chiéu thuan.
d) Khéng chuyén dich; Khéng chuyén dich.
e) Chiéu thuan; Chiéu thuan
4.23.
- Ph&n &ng thuén nghich.
Gom hai phan t&ng thanh phan: Phan &ng thuan va phan &ng nghich.

A+BE’. c+D
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Khi tdc d6 phan (ng thuan bang tdc dd phan &¢ng nghich vx= vnnguoi ta noi
phan (ng dat t6i trang thai can bang.

& trang thai can bang ndng do cac chdt khong thay déi hay it =0
- Phan G&ng ndi tiép.
Phan rng dién ra theo nhirng giai doan ndi tiép.

k k
A—B-—-c¢
Khi t6c do tao ra B bang tdc dd phan huy ndé Vj = v2ngudi ta ndi phan ¢ng dat
t¢i trang thai dung.

& trang thai dirng ndng do chét trung gian khong bi thay doi hay-"!cf" =0

BAI 5. DAl CUONG VE DUNG DICH

5.7.

5.8.

5.9.

196

Ap sudt hoi bdo hoa la ap suét tao ra trén mét thoang khi qua trinh bay hoi
dat t¢i trang thai can bang.

& cung mot nhiét dd ap sudt hoi hay ap suat hoi bdo hoa ctia dung dich ludn
luén nhé hon ap suét cia dung moéi nguyén chat. Digéu nay dan dén:

Dung dich c6 nhiét dd sbi cao hon nhiét dé sdi cia dung moi.

Dung dich c6 nhiét d6 déng dac thdp hon nhiét do6 dong dac cta dung moi

5
180

c =

n=R.C.T=0,082— .298 = 1,22 atm.
180

C=— =-——-=- =0,295M
RT  0,082.310
¢ 0,184 1000
Mb 100

»- RCT- 00820184 ... 303=" . Tw do MA« 62 .
Ma 100 760



5.10.

5.11.

5.12.

5.13.

5.14.

r=M
M
n= 0’082_|\/| 300 = 3,74.1,32.10“M = 1993,2g

3 1000
Mb 250

= = — N A = | ) =
71=RCT = 0.082 Mb 250 285 =0,82. Tw do ME 3%2 g

9 1000
180 100

ATS= ksm=052.— ~ A =0.26. Tr dé6 Ts = 100,26 °C.
180 100 s

ATd=kdm=1,86.— - ~ =0,94. Tir d6 Td=-0,94 °C.
180 100

ATr=k+2247=U6 tuw doaT =0,7440
ATS ks ATS 0,56

Goi s6 gam glucose can phai lay la a

a 1000
180 150
ATd=kdm=1,86 .--~ =0,75° T d6 a = 10,89g.
d d 180 150
=1S6__ & _ otrdds 0 0
AT, 0,56

Vay dung dich s& s6i & nhiét do 100,226 °C

5.15.

5.16.

ATd=0- (- 0,279) = 0,279°

ATd= 1,86— =0,279. Tir d6 Mc= 92g
Mc

ATd= 5,478 - 5,232 = 0,246 0

AT*=4 9~ — =0,246. T¥r d6 M = 243 g « 2M b,,,,.k
M 100

Vay: Dang tu hgp 2 phan tu.
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5.17.
ATd= 0,744 0

ATd=4,9— =0,744. Tr do M = 170g
M 20

Cong thic phan tlr cta hop chat C&H8 4

BAI 6. DUNG DICH CAC CHAT BIEN LY

6.1.
t =258 pH =-lg 10-2= 2

S5 =T pH =-lg 10"7=7

[HH = 10-9 pH =-1g 10-9=9

[H]=3,1.102 pH =-lg 3,1.102= -4g3,14gio-2=1,5

[HH] = 9.1CT8 pH = -1g 9.1CT8=-1g9-1gl0-8= 7,05
6.2.

H25040,05 M pH =

HC1 0,001 M pH = S

NaOH 0,01 M pOH pH =14-2=12

Ca(OH)20,02 M pOH ticr2= 14 pH = 12,6
6.3.

Dé so sanh d6 manh cla acid hay base nguoi ta dung dai lvong KA KBhoac
pKA pKB. Gia tri K cang Ién hodac pK cang nho thi acid (hay base) cang manh.

acid base lién hop base acid lién hop

NHA4CL nh3 nh3 n h 4

NaHCO03 C0o3 NaHCOa hZo3

h 20 oh CHgCOONa CH3COOH

cthmh i chihh?2 h 20 h 0D+

han-ch2cooh h2X-ch2coo- hZth-ch2cooh nh3chz2cooh
NaNO02 hno?2

Na2S04Khong phai acid hay base.
NaHC03 HD, HN-CH2COOH Iluvdng tinh (vira la acid vira la base)
6.4.

Theo cbng thtrc: a =
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. CHgCOOH 0,02M a = 3,05.10"2

. CH3COOH 0,2M a =9,6.10-3« 102 ndng do tdng thi a gidm
. CH3COOH 002M + CH3COONa 0.02M
CHgCOOH ?2=* CH3CO00- + H+
Nong do dau: 0,02 0,02
Nong do can bang: 0,02 —X 0,02+X X
+
igx=X0021%) 8B x « 0,02
0.02-x
Ta co: X=K*
=X - 185105_4 .00
0,02 2.10
Nhan xét: So v6i dung dich CH3COOH 0,02M d6 diénly gidm 30 lan
. CH3COOH 0,02M + CHgCOONa 0,2M
CH3COOH <=> CH3COO- + H+
Nong do dau: 0,02 0,2
Nong do can bang: 0,02 - X 02+ X X
fea =X (0.02+%) NBU X « 0,02
0,02- X
Ta co: X= N
10
1-5
0,02 2.10'2
Nhéan xét: So v@i dung dich CH3COOH 0,02M + NaCHgCOO 0,02M dé dién ly
giam 10 lan.
6.5.

Su dién ly cta acid yéu trong dung dich thuc chat la phan &ng cta né véi H2

dé tao ra HY +theo phwong tri
ha+th
¢ CH3COOH
y HCOOH
° hno?2

nh:
*+hJ + a-
pH =i (pK.- lgCJ
pH = —2(4,76—IgIO-3 =3,38
pH = -2(3,76— lgio-2 =2,88

pH = (3,35- 1gI0") =268
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. HCNpH =- (4,76- 1gl0") = 5,66

. NaHP 04H =i (pK'HO+ pK"HPM)

= 1/2 (2,13 + 7,21) = 4,67

Su dién ly cla base yéu trong dung dich thuc chét la phan &¢ng cla né vdi
H2 dé tao ra OH" theo phwong trinh:

b +h2 =% H-+ BH*

pH =14-1i (pKb- Igch

nh3 pH =14- 5 (4,76 - Igio-2 = 10,62
ch@h2pH =14- - (3,25 - lgio-2 = 11,38
cehmh2pH =14- - (9,42- Igl0") =38,29

nh2oh. pH =14—" (7,97 —gio-2 = 9,02

Trong dung dich dém cé mat dong thoi hai dang acid va base cla mot cap
acid- base lién hop.

a) Dung dich dém phosphat NaHZ2 04NazH P04
Trong dung dich dém nay ludn ludn tdn tai can bang:

HP04 H++HPO4&
Vi vay khi thém vao dung dich dém H+céan bang trén sé chuyén dich theo
chiéu nghich tao ra axit dién ly yéu HZ2 04" Nguoc lai khi thém base (OH")
hay pha lodng, nong dd H+bi giam xuéng thi dong thdi can bang sé chuyén
theo chiéu thuan dé tao thém H+va do dé pH khéng bi thay doi.
b) Dung dich dém carbonat NaHC03Na2C 03
Trong dung dich dém nay ludn ludn ton tai can bang:

hco3ztH++ CO3

c) dung dich dém amoni NH4C1/NH3
Trong dung dich dém nay luén ludn ton tai can bang:
NH4 H++ NH3

Giai thich tvong ty nhw-déi-véi-dém-phosphat:



6.8. [0 - eV *v.
Cong thtre téng gquat tinh pH cua dung dich dém:

[base lién hop]
PH =pK.+19 . id lien hop]
a) pH = 10,2 + Ig n&%%&‘o’l =99
b) pH=721+1lg1=7.21
0) NaOH + CHgCOOH CH3COONa + HX
S6"mol ban dau: 0,05.0,16 0,22.0,4
8.10-3 88.10-3
S6 mol sau phan ng: 80.10-3 8.10-3
0 1f)-5
pH = 4,76 + Ig = 3,76
80.10°3

6.9.
Su thuy phan ctia mudi la phan ¢ng gilta cac ion cia mudi voi nu6c tao ra
acid yéu, base yéu hoac cd acid yéu va base yéu. vé thuc chat sy thuy phan la
phan rng dién ly trong nwdc cla acid hay base theo Bronsted.
pH cla dung dich mudi phu thudc vao ban chat cla mudi va néng dd cla
mudi (trtr tredng hop mudi tao béi acid yéu va base yéu).
e CHINHX1 CHNH3*+HAD <> CHONH2+ HY +

pH = 1 (pK. - IgCa)

pH = —(10,75 - lgio-2 = 6,38

e CHSCOONa CeHB5CO0-+HAD CeH5COO0OH + OH'
pH = 14 - -2(pr- IgCb)
pH =14 - - (9,81 - Igio-2 = 8,1
2>
« KNO2 NO2+H2D AN HNO2+ OH~

pH = 14- - (10,65 - lgicr2 = 7,68
* CHENHCL  QHSNIT + HD  1=tCBHIN + HD +

pH =1 (pK, - IgCJ

pH= 1(5,23-1g10-2 = 3,61
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Na2CD 4

Nas 04
(NH42504

NH

.HCOO

CHINHNO02

NH4CN

6.10.

202

cD &4+ HD <5 HCD 4+ OH"
PH = 14- - (9,73 - 1g1(-2 = 8,14

khéng thuy phan pH =7

2NH/+2HD <>2NH3+ 2H +
pH =i (pKa- IgCa)
pH = —(9,26 - 1g2.10-2) = 5,48

NH4H4COO <=tNH3+ HCOOH

pH = —(14 + pKa- pKb)

PH = —(14 + 3,74 - 4,74) = 6,5
CHNHNO02 <> CHSNH2+ hno2
pH = -(14+ 3,25-3,25) = 7,0
NH4CN <>NH3+HCN

pH = - (14 + 9,31 - 4,74) = 9,29

a) Day la dung dich base yéu:

pH =14- - (9,42 - IgIO-Z) = 8,29

H =458 + lg=——= 4,58
P 9510

c) Nong d6 CeHaNH3C1 trong cdc luc nay la , 5.10"3

Pay la dung dich acid yéu:

pH = —(4,58 - 1g5.10"3 = 3,44

5.104

b) CeHoNH2 + HC1 -» CeHENH3C1
Sci mol ban dau: 0,1.0,01 0,05.0,01
=10 3 = 5.10
S6 mol sau phan tng: 5.1CT4
bay la mot dung dich dém:
5104



6.11.

Vi du: h304 H++HP04 K, = [H+]
3 [H3POJ
hdo04?”h++hpod k  [H+HH”PO/J
[H.,PO]
3-1
HPO,2 <<tH++ PO*3 K3= [H+]J04 ]
3 [H ,PO2]

6.12.

EK pK,

@) CH3-CH-CO r OHCH3CH-COO- Z7ZzZ- CH3CH-COO-
L L I
nh, nh, nh,

dang dang dién
pHi =i (pKj + pKa) = - (2,35 + 9,69) = 6,02

K, K,
HOOC-CH2CH-COOHE HO_O_C-CH2CH-COO'E -ooc-ch2ch-coo-

I I I
nh, nh, nh,

'N' pK3

OOC-CH3CH- COO-

I
nh?2

pHi = | (PK, + pK~ = - (2,09 + 3,86) = 2,975

Tuong ty doi vai Tyrosin

pHi = 5 (PKj + pK™ = 5 (2,20 +9,11) = 5,65
va lysin

pHI = |2 (pKs + pKg) = 5 (8,95 + 10,53) =9,74
b) Khi pH < pH; Ton tai & dang cation

pH > pH, ton tai & dang anion

pH = pH, tdn tai & dang dang dién
6.14.

s = VIhoey, = v5,1.10-9 = 7,14.10-5M
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6.15.

6.16.

6.17.

b)

6.18.

6.19.

AgP 04 3AgH POL

S 3S S
T =(3S)3 s =27S4=27 (1,6.10-94=1,77.10-18

Sr2+ S042 -> SrS04
[Sr2d = 5.10-4
[S042] =5.104  [Sr2[S04] =2,5.1€7> T Vay khong tao két tla.

Pb2+ 21- =Pbl2

[Pb24] = 5. 10"3

[SO04&] =5. 10-3 [Pb2q[lI2= 1,2510-7> T Vay két tlia duoc tao ra.
[Pb2q = 10-3

[S04] = icr3 [Pb2[I-]2= 10-9< T  Vay khong tao ra két tda.

Ag2Xr04-> 2Ag++ Cr042
S 0.1+2S s
T =(0,1+25)2S Néus « 01

Taco: s = -iTT = d %O ]2= 9.10"10M
10" 10’2

b0 tan trong nuwoc BaS04-» Baz+ S04

S S S

s=VT7=VII0Dn=10-5M

bo tan trong HS 04 BaS04-> Baz+ S04

Ta co:

S’ S’ 0,1+§8’
T=(0,1+2S)S NEuS,« 0,1
T 10'°

S'=— = =10-9M
0,1 10

Nhan xét: Do tan cua BaS04trong dung dich cé ion chung giam di so véi dé
tan trong nuéc la (S/S”) 104lan.
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6.20.

K _ [Co3][NHJ6

[Co(NH3d3+" C 0 3++ 6NH3 b [Co(NH3)E]

S6 oxy hoa: +3; S6'phdi tri: 6.

= [Fe3+] [CN-]6

[Fe(CN)g3 *=>Fe3++ 6CN~
Ko [Fe(CN)JI3

SO oxy hoa: +3; S8"phdi tri: 6

[FeCCOOJJ*-  Fe3r+ 3CD /- L [Fe%[CZMQ]r
[Fe(C26 a)6)v

S6 oxy hoa: +3; S&'phdi tri: 6.

K= [Fe34 [gly-]12
[Fe(gly)q+<=>Fe3++ 2 gly o [Fe(aly)2]+

S6 oxy hoa: +3; S6 phoi tri: 4.

621.
Diém twong dwong la diém ma dung dich chuan va dung dich can chuan do
phdn rng vira dd véi nhau.
Céac chat chi thi trong phuong phap phan tich thé tich thwong la nhitng chét
c6 mau sic thay doi tai diém twong duong hodc gan diém twong dwong. Vi vay
n6 cho biét thoi diém két thic chuéan do.

6.22.
a) Phuong phap dwa trén phan ng trung hoa: H++ OH" —H2 dé xac dinh
nong do dung dich acid hay base.
b) Buwdng cong chuin dd trong phuong phap trung hoa la dwdng biéu dién sy
bién doi pH trong qua trinh chuan do.
Puwong cong chudn d6 noéi chung cé dang chir S. Trén cac dudng cong nay déu
c6 nhirng buéc nhdy pH. (xem phan ly thuyét)
Chi thi duoc lva chon theo nguyén tac: Chéat chi thi phai cd khoang chuyén
mau nam trong budc nhay pH.
-Khi chudn mét acid manh bang mot base manh bw6c nhay pH tir 4 -10. Vi
vay c6 thé chon methyl do (4,4 —6,2) hay phenolphtalein (8 —10).
—Khi chudn mot acid yéu biang mot base manh, bwéc nhay pH tr 8 -10. Vi
vay chi c6 thé dung phenolphtalein.
- Khi chudn mot base yéu bang acid manh, budc nhay pH tir 6 - 4. Vi vay chi
c6 thé dung dugc methyl dd.

6.23.

Phuvong phép dwa vao tinh oxy hod manh cla ion. M n04‘trong mdi trvdng acid

14- HOAPAICUONG
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MnO04 + 5¢ + BH+— Mn2++ 4H
dé chuan nhiéu chat khr khac nhau nhu: HXC2 4, Fe2: H2 2...
Pé chuan dung dich chira ion Ca2+ nguoi ta chuyén toan bo ion nay thanh két
tla CaC2 4 hoa tan tla trong HX04rdi chudn H2CD 4tao thanh bang KMn04
6.24.
Goi ndng do duong lvong cia Ca2rva Mg2+trong mau nudc la N ta co:
0,05.N =0,0036. 0,02tr d6 N = 1,44.10"3dIgA
Vay do cwng la 1,44 mili dwong lugng gam/lit

6.25.
Phrong phap dwa trén phan (ng tao phic gita ion kim loai v6i nhitng chat
complexon (vi du complexon Il Na2H2Y) dé xac dinh ndéng do cla ion kim
loai.

NaZH2Y+ Me2—»Na2MeY + 2H+
Chaét chi thi thvong dung la Eriochrom T den chat nay ciling tao phirc duot voi cac
ion kim loai nhwng c6 dac diém la dang phtrc va dang tv do c6 mau khac nhau.
ErioC + Me2+-> ErioC—Me + 2H+
xanh bién hong tim
Phtc ErioC-Me khong bén bang phtc gitta complexon vai ion kim loai.

BAI 7. DUNG DICH KEO

7.2.
Mang tham tich la mang chi cho cac phan t& va ion di qua con cac tiéu phan
keo bi gil lai.
Mang tham th&u la mang chi cho cac phan tir dung méi di qua con phan ti
hoac ion cla chat tan bi gil lai.

7.3.
Can bang Donnal dwoc thiét 1ap khi c6 mot mang thdm tich ngan cach mot
dung dich dién ly keo (dung dich 1) c6 nébng d6 a va mot dung dich dién ly
phan t&¢ nhd (dung dich Il) c6 ndng dd b va co6 ion chung.
—Khi a» b chét dién ly & dung dich | khéng bi chuyén qua mang vao dung
dich 1I.

- Khi a =b chéat dién ly & dung dich Il chuyén —gqua mang vao dung dich 1.

Khi a « b chét dién ly & dung dich Il chuyén —qua mang vao dung dich 1.
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Mang cla cac té bao la nhirng mang tham tich, dung dich trong té bao la
dung dich dién ly keo. Nho can bang Donnal trong té bao luén duy tri duoc
mot néng dod ion dién ly nhat dinh ddm bdao cho hoat dong binh thuwong.

7.6.

Cac tia tim (X * 450 nm) trong anh sang mat troi bi tdn xa (vi du do cac hat
bui trong khéng khi) manh hon céc tia d6 (X « 750 nm). Do d6 cwong dd anh
sang do truc ti€p dén mat ta sé 16n hon cwong dd anh sang tim, nhin mét troi
thdy dé hon.

7.7.
Poi voi kinh hién vi, &nh sang duoc chiéu qua vat, hé thong quang hoc rdi dén
méat nguwoi quan sat.
Trong kinh siéu vi, anh sang duoc chiéu & phia bén. Néu vat la mo6t dung dich
keo thi mét s& nhan duoc anh sang tan xa tir cac hat keo, trén nén den thay
xudt hién nhirng chdm sang lap lanh.

7.8.
D&u dién tich cla hat keo so dich dugc quyét dinh bdi ion nam trong 16p hép
phu vu tién.
7.9.
{(Fe4[Fe(CN)G3dmn [Fe(CN)g4 (4n-x)K+r . xK+
{(Fe«[Fe(CN)Ja>~ n Fe3t (3n-x)CI* px+ xCI"
{(Fe(OH)3mn Fe3t (3n-x)CI" I+ xCl~
7.10.

Dbién tich trén hat keo protein do cac nhom chtc carboxyl - COOH va amin -
NH2& mach nhanh cua chubi polypeptid ctua protein tao nén.
Dau dién tich dugc quyét dinh béi tuong quan pH cla moi trvong va pHi.
Khi pH maéi trwvong < pHi hat keo mang dién tich duwong
Khi pH méi treong = pHi hat keo trung hoa dién.
Khi pH méi tredng > pHi hat keo mang dién tich am.
7.11.
Vi pH moi trwong > pHi hat keo gelatin mang dién tich @m nén trong dién
trvong né di chuyén vé dién cuc duong.
7.12.
V6i cacamin acid hodac cac hat keo c6 pHi khac nhau thi trong mot moi
trvong copH xac dinh ching sé mang nhitng dién tich khac nhau (cé thé khac
vé dau hodc gia tri dién tich). Do do6 trong dién trvong ching sé di chuyén voi

nhi*tng téc dd khac nhau vé cac dién cuc. D06 la co sé cia phwong phap dién di
dé phan tach ching.

207



7.13.
- Céc hat keo tich dién cung dau.
- Chuyén dong Brown (chuyén dong cua cac tiéu phan keo dudi tac dong
khéng bi triét tiéu cta cac phan t& dung moi).
- POl v6i keo than dich thi ching con dugc bao quanh bdi I6p vé solvat (hodc
hydrat).

7.15.
& clra song cac hat keo phu sa du6i tic dung clia mudi trong nudc bién bi
trung hoa dién tich va déng tu thanh cac bai phu sa.

BAI 8. PIEN HOA HOC

8.2.
Dang oxy hod la dang c6 s6’oxy hoa dvong hon va duwgc viét truéec. Dang khir
c6 sd oxy hod nhoé hon va duoc viét sau. Vi du:

Zn24Zn; Cu2/Cu; CHCHO/CHSOH; Mn04/Mn2+
8.3.

a) Nghich; b) Thuan; c) Nghich; d) Nghich; e) Thuan; i) Thuan.
8.4.
a) 2KMn04+ 5H2C2D 4+ 3HX 04 2MnS04+ 5C02+ KS04+8H2

0) 2K2CrOVv+3CHTOH + 8HS 042=22CrAS043+ 3CH5COOH + 2K2S04+ 11HD

2 1
e) 2KMn04+ 5HD 2+ 3HS 04<=>2MnS04+502+ KX 04+ 8HAD.
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8.5.

8.7.

i) 2FeS04+ HD 2+ H2XS04 FeS043+ 2HD
:I\i E:M
1 2

+2y
a) Mt0¥+HN03fi No + M(NO3n+ HD

2y
X M -(n-2y)e -> XM
(nx-2y)N +3e ->N
3MX V+ (4nx—2y)HNO03— 3xM(NO3n+ (nx-2y)NO + (2nx-y)H2

b) M Dy + H2S 04—»s 02+ M2S04n+ HD

2M - 2(n-y)e ->2M
*6 +4

(n-y)s +2e -» s
MO y+ (2n—y)H2S04-> MAS04n + (n-y)SO02 + (2n-y)HD

Cong thirc Nernst

nF  [Kh]
Néu thay cac gia tri cla F, R, l1dy nhiét do T = 25 + 273 = 298°K va chuyén In
thanh Ig thi phwong trinh Nernst co dang:

e=eo+m » Igm
n [Kh]

* Dién cuc hydro: (Pt) 2H+
Trén dién cwc xay ra phan &ng:
2H+H 2e  H2

W  =EV,,.+ISiH']2
Nguoi ta quy woc: e°2|—|*/|—l = 0 do do:
e2HH= 0’059 Ig[HH{=-0,059pH.

* Dién cuc khi Clo. (Pt) CIZ2 2CY
Trén dién cuc xay ra phan tng:
Cl2+ 2e zx 2CI-

e_/ 0 0,059 | 1Q,
ci,/Zr QT4 QJ[C|]2
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w = »3i0T- -°.°5aw it
« Dién cuc oxy hoa khir ctia sat: (Pt)/ Fe3+Fe
Fe3t+e Fe
_ 0,059 [Fe3]
FuFet+ e KRt J [Fe24]
* Dién cvwc quinhydron (Pt) / CaH4 2 CEH4AOH)2
Trén dién cuc xay ra phan &ng:
Ceéh]o2+ 2e + 2H+-> C8H4OH)2
Thé dién cuc:
0 0,069 [CfiH4Q2][H+]2
2 g [CeH4OH)2]
Vi [C6HA0 2 = [C6H4(OH)J
Ta co: egyn=-e°qunt 0,059 Ig [HH
» Dién cwc calomen: Hg/ Hg2CI2 cr
Trén dién cuc xay ra phan ung:
Hg* + 2e << 2Hg

Thé cla dién cwc Hg duoc tinh theo cong thirc:

Ta lai co [Ugl+] = T»
[crr

Thay nong d6 nay vao cdng thirc trén. Sau khi rat gon ta dwgc cong thirc thé
dién cuwc cua dién cuwc calomel:
Eal = s°cl - 0,059 Ig [Cl]
Néu ndng do Cl“trong dién cuc od"'dinh thi £cd khong doi.
e Dién cuc thuy tinh
E« = e°tt + 0,059 Ig[HH = e°tt - 0,059 pH
Trong do6 e°ttla mot hang s0"ddi véi moi dién cuc.

8.8.
E=Cuvc. + =©'34- (-°713) = °"47V
WN TT 0 0 .0,059,JN i3
=.0,25 - (-0,74) + 410-4 = ° 46V
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¢)E-MS-9Ic[Cu2L _ 00591 A 0j=n 78V
2 [Cuxl, 2 0,005

dE=6"¥ , -6, +M gTigtﬁ_ge I-]|ftcrlp = 0,77- (-0,41) = 1,18 V

Fe /Fe bCri*/a

— Qo _no° * AN = - =
e) E 8CU_/261 e e +Q2 Igfélhﬂﬁé_l] 1,36 - 0,77 =059V

O E.e» ,-«e +0259 JCI-][Fe-]J
Cljo5  FestE™ 3  6[Cr3]2Fe3H

8.11.
a) Cu/ Cu2+/l Ag+/ Ag
b) (Pt) CI2/ Cl-/l Fe3, Fe2+/ (Pt)
c) (Pt) H2/ H+// CI-/ CI2(Pt)
d) Zn/ Zn2// Fe3+ Fe2/ (Pt)
e) (Pt) / Cr3+, Cr// Ag+/ Ag

f) Pb /H2S04/ Pb02
8.12.

Nguyén tic: Thiét 1ap mot nguyén t6 ganvanic gdém mot dién cuc cd thé phu thudc
vao pH va mot dién cuc chuan. Do sirc dién dong clia nguyén t8"va rat ra pH.
«PoP-Obang cdp dién cuc hydro-calomel
Thiét l1ap nguyén t6" ganvanic:
- (Pt) H2 H+// KCI,Hg2CI2/ Hg +
Strc dién dong do duoc cla nguyén td' nay:

E=€ec,1—¢

£Cal+ 0,059 pH

Tw do PH = 40!(?55

*DopH bang cap dién cuc thuy tinh - calomen
Lap nguyén td ganvanic: Strc dién dong clia nguyén to:

E = Ecal —ett
=ec,j- elt + 0,059 pH
E-er>+e’°
T d6 OH = ——nah 1
0,059

8.13.

Nguyén tic: Thiét Iap nguyén t6 ganvanic gdom mot dién cuc chudn (vi du
dién cuc calomel) va mo6t dién cuc c6 thé phu thudéc vao néng dd ion can
chuan. Sau dé do stro-dién-dong-etia-nguyén-td-va tlr do tinh ndng do ion.
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hZo4 © (Pt) h2/ h 04/l Gl-, Hg2CI27 Hg ©

FeS04 O Fe/FeS04// CI", Hg2CI2/Hg ©
AgNOg © Hg/ HgCI2-ClI- // AgNOg / Ag ©
NaCl 0 Hg/ Hgjcia, CI’// NaCl / CI2(Pt) ©
8.14.
a) pH =" fai-_ 0,37 0,24 _24
0,059 0,059
pH =1 (pKa- IgCJ - pKa=2pH - IgCa=2.2,203 - IglO'1=3,4
pH = 14 - i (pKb-IgCb -> pKb= 2(14 + IgCbh- pH)
=2(14 + lgio-3- 7,8) =9,4
8.15.

Goi dd tan cua Ag2Cr04trong dung dich bdo hoa la s (mol/1) ta cé:
AgXr04 2Ag++ Cro4&
S 2S S

Nong do Ag+6 dién cuc am sé 1a 2S=I1TY
bay la mot pin ndng do:
E =0,0591¢gl0-1- 0,0591g s=4ty - 0,153
Giai ra ta dwoc T = 7,02.10“12
8.16

a) CuBr2z-»Cu + Br2
b) 2HD — 2H2+ 02

) 2AgN03+ HD —2Ag+ - 02+ 2HNO3

d) CaCl2+ HD -> H2+ Cl2+ Ca(OH)2
e) 2AgN03+ Cu(N032+ 2HzO -» 2Ag + Cu + 4HN 03+ 02
f) NiSC4+ Ni (anod) -» Ni (catod) + NiS04
8.17.
Ma bac thuc chat la tién hanh mot qua trinh dién phan dung dich mudi tan
clia bac trong do6 kim loai can ma dung lam catod con anod la bac kim loai
8.18.
a) Ep = E° cta pin: (Pt) Ni/ NiCl2/ ClI2(Pt)
=136- (-0,25) =161VAE=E - E =185- 1,61=0,24V
b) EL =  E°cla pin: (Pt) Zn/ Zn2+// HXO, H+/ 0 2(Pt)
=1,33- (- 0,76) =2,09V AE=Epm- Epx =2,35- 2,09= 0,26V
= E cua pin: (Pt) H2/ H+// HD, H+ 0 2(Pt)
1,33VAE = Em- Ep=1,67- 1,33 =0,34V.

) Ep
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PHY LYC

A.MQT SO KHAI NIEM co BAN TRONG HOA HQC

1. Nguyén té hoa hoc

Khéi niém dé chi mot loai nguyén tlr. MOt nguyén td hoa hoc dwgc biéu thi
bang ky hiéu hoa hoc. Vi du: nguyén to'oxy (O), canxi (Ca), lvu huynh (S)...

N

.Chat hoda hoc

Khai niém dé chi mot loai phan tlr. M6t chdt hoa hoc duoc biéu thi bang cong
thi*c hod hoc. Vi du: mudi an NaCl, nwéc HD, nito N2 sat Fe,...

3. Nguyén tw

Nguyén tir la hat nhd nhéat cdu tao nén cac chat khdong thé chia nhé hon nira
bang phuong phéap hoa hoc.

4. Phan tw

Phan tir dwgc tao thanh tlr cac nguyén tk, la hat nhé nhat cia mot chat
nhung van mang day dd tinh chét cda chét do.

Vi du: Phan ti nwéc HD gbm 2 nguyén tr hydro va 1 nguyén ti oxy, phan t
clo Cl2gdbm 2 nguyén t clo, phan t& methan CH4gdm 1 nguyén t& carbon va
4 nguyén tir hydro...

5. Khdi lwvong nguyén tir
Khoéi lugng mot nguyén tlr cha mot nguyén t6. Khdi lugng nguyén tlr duwoc
tinh bang don vi carbon (dvC). Mot dvC bang — khdi lvong nguyén ti
carbon (12C). Vi du: khoi lvgng nguyén tir oxy 16 dvC, Na = 23 dvC,...

6. Khoi lvong phan ti

Khoi lugng mot phan tk clta moét chat. Khdi lvugng phan ti cling duwgc tinh
bang dvC.Vi du: khdi lvong phan tir cia N2- 28 dvC, HC1 = 36,5 dvC,...

7. Mol

Lwong chat chira N = 6,02.1cBphan tlr vi md (phan ti nguyén tk, ion, electron,...).
N duoc goi |4 s6 Avogadro va né bang sd' nguyén t& ¢ co trong 12 gam 1x.
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8. Khoi lwgng moi nguyén tlr, moi phan tlr, mol ion

Khdi lvong tinh bang gam cta 1 moi nguyén tir (phan tk hay ion...)- V& s& tri
né ding bang tri s8"khdi lwong nguyén tir (phan tir hay ion). Vi du: kh6i lvong
mol nguyén t& cta hydro bang 1 g, cla phan t& nito bang 28 g, cia HXS04
bang 98 g...

9. Hoa tri

Hoa tri cla mot nguyén t6 la s0' lien két hoa hoc ma mot nguyén tir cla
nguyén té do6 tao ra voi cac nguyén tir khac trong phan to.

Moi lién két dwoc biéu thi bang mét gach néi hai nguyén tlr. Hoa tri dwoc biéu
thi bang chir s0"La MA.

Néu quy woc hoa tri cla hydro trong cac hop chdt bang (1) thi hoa tri cla oxy
trong HD bang (l1) cta nito trong NHg bang (l11)... Dva vao hoéa tri (I) cla
hydro va hoa tri (1) clia oxy cé thé biét dwoc hod tri clia nhiéu nguyén t0"khac.
Céan clr vao hoé tri, c6 thé phan cac nguyén t6'thanh:

+ Nguyén t6 c6 hoa tri khong doéi. Vi du:

Ag, H, cac kim loai kiém (hoa tri I) o, Zn, cac kim loai kiém thé (1),

Al (111), Cac khi hiém (hoa tri 0).

+ Nguyén t6"nhiéu hoa tri. Vi du:

Fe (n, 1), Cu (1, 1), s (11, 1V, VI).

Khéai niém hod tri con dwgc mé rong cho nhém nguyén t&r. Vi du:

N 03(D,SO04(ll), P0O4C(lll)

10. S6 oxy hoa
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S6' oxy hod dugc quy wéc la dién tich clia nguyén t&r trong phan tir khi gia
dinh rang cdp electron dung dé lién két voi nguyén tir khéac trong phan ti
chuyén h&n v& nguyén ti c6 do dién am Ién hon.
DEé tinh s6'oxy hoa clia mot nguyén td"can lvu y:

S6'oxy hod co thé 1a so' dwong, am, bang 0 hay 1a so'lé.

S5"oxy hoé clia nguyén t0'trong don chét bang 0.

M6t s6 nguyén t6 cd s8"oxy hod khong ddi va bang dién tich ion cta nd.
- H, cac kim loai kiém c6 s6"oxy hoa +1 (trong NaH, H c6 s6 oxy hoa —)
- Mg va cac kim loai kiém th6 c6 s6 oxy hoa +2.

- Al c6 sb oxy hoa +3; Fe c6 hai s6'oxy hoa +2 va +3.

- 0 c6 s0"oxy hoa -2 (trong H2 20 c6 sd oxy hoa - 1)

« Tdng dai s6 s0' oxy hod clia cac nguyén tirtrong phan tl bang O.



Vi du:

Zn, ClI2, NaCl, k2so4, Na2SO,, Na2S406,KMn04 , H202

C02, C2HSOH, C2H4(CH,CHO0), ¢ 2h 4 2 (CHIOOH), h 2¢c 20 4

11.Thé oxy hoa-khtr tiéu chuan (298PK, pH= 7) clla mot sO cap oxy hoa -
khtt htru co va sinh hoc

Cap oxy hoa - khtr
acetaopyruvat
acetic/acetaldehyd
Fe37Fe2Feredoxin
H7H2
CO/Formiat
NAD7NADH
aceton/Propanol
cystin/cystein
acetaldehyt/Ethanol
pyruvaU’Lactat
CoQ/CoQ (k)
Fe37Fe2icytcromB
Fe37Fe2tmyoglobin
Fe37Fe2tHemoglobin
Fe37Fe2*cytcromC
CU2CV (HD 2
Cu27Cu*Hemoxyanin
oN2

12.buwong lvgng gam

Phéan (rng

CH3COOH + C02+ 2H*+ 2e-»CH3COCOOH + HD

CH3COOH + 21-r + 2e -> CH3CHO + HXD
Fe3*+e -»Fe2*
2l-r+2e  H2
C02+ H*+ 2e -> HCOO"

NAD* +2H* + 2e -> NADH + H+
CH3COCH3+ 2hr + 2e -> CH3CHOHCHS3
cystin + 21-r + 2e -p2cystein

CH3CHO + 2H++2e  C2HZ0OH
CH3COCOO- +2H*+2e -> CH3CHOHCOO-
CoQ + 2H++2e -> CoQH2

Fe3t+e -> Fe2t+

Fe3*+e -> Fe2+

Fe3*+e Fez

Fe3t+e -> Fe2*

02+2H*+2e ->HXD 2

Cu2-+e -> Cu"

02K) +4l-r +4e ->2 HD

e’ (V)
-0,70
-0,58
-0,43
-0,42
-0,42
-0,32
-0,30
-0,22
-0,20
-0,19
0,00
0,00
+0,05
+0,17
+0,25
+0,30
+0,54
+0,82

Purong lvong gam cta mot chét l1a lwgng chat dé tinh bang gam khi phan tng

tvong dwong (két hop hay thay thé) 1 mol nguyén t&r hydro (1,008g).

Puong luvgng gain cta mot chat (thwong ky hiéu E) phu thudc vao phan Gng
ma no tham gia vao.

B. MOT SO BINH LUAT co BAN

1. Binh luat bao toan khdi lvong. (Lomonosov - Nga, Lavoisier - Phap)
Trong mét phan ¢ng hoa hoc, téng khdi lvong cac chit tao thanh bang téng
khoi lvgng cac chat tham gia phan Gng.
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2.Dinh luat thanh phan khong déi. (Proust - Phap)

Doi voi mot hop chat xac dinh, ty s6 khéi lvong clia cac nguyén t6 tao thanh
hop chat la xac dinh, khéng thay doi. Diéu nay cling duoc hiéu la:

M6t hop chét du dwoc diéu ché bang cach nao di nira ciing co thanh phan xac
dinh, khéng ddi. Vi du: Nuwdc co thé diéu ché bang nhiéu cach khac nhau
nhung ty s6 khdi lvong hydro:oxy luén luén la 1:8.

3.Dinh luat ty Ié béi. (Dalton - Anh)

binh luat nay cé ndi dung nhuv sau:

Néu hai nguyén t6"két hop véi nhau tao ra mot s6' hgp chat thi &ng voi cung
mot khdi lwvong nguyén té' nay, cac khoi lwvong clia nguyén t6" kia ty 1€ véi
nhau nhw nhitng s6'nguyén don gidn. Vi du:

Hydro tao duoc 2 hgp chéat voi oxy la HD va H2D 2 Néu (ng voi mot don vi
khoi lvgng cta hydro (vi du Ig) thi kh6i lvgng ctia oxy trong HD va H2 2lan
lvot 1a 8 va 16 gam tirc la theo ty 1& 1: 2.

4. Dinh luat duvong lvong. (Richter - Birc)

Pinh luat nay c6 néi dung nhu sau:

Trong cac phan ng hoa hoc cac chat phan &ng vlra du véi nhau theo cung
mot s6 dvong lvong (ciing tic la theo cung mot s8"duong lvgng gam).

5.Dinh luat Avogadro. (Avogadro - )

Dinh luat nay cé néi dung nhuw sau:

& cung diéu kién nhiét do va ap sudt, nhitng thé tich bang nhau cta moi
chat khi déu chta cung mot s6" phan t&r. Hé qua la: & cung diéu kién nhiét
do, ap sudt mot mol khi bat ky chiém mot thé tich bang nhau. Thyc nghiém
cho thdy & diéu kién tiéu chuan (0°c, latm) mot mol khi bat ky c6 thé tich
v 0= 224 lit.

c. QUANG PHO VACH CUA NGUYEN TU HYDRO (DAY BANME)
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D. MOl TUONG QUAN GIJA TOA O DECAC VA TOA bO CAU

VA
x =1 sin0 coscp
y =r sinG sincp
Z =171 coso
E. HE DON V| SI
7 don vi chinh thudc hé Sl
H* Tén dai lvong bon vi Ky hiéu
1 Chiéu dai mét m
2 Thoi gian giay S
3 Khéi lvong kilogam kg
4 Lugng chéat mol mo!
5 Nhiét do kenvin K
6 Cuwong do dong dién ampe A
7 Cudng dd anh sang candela cd
M6t s6 don vi SI dan xudt hay dung
N> Tén dai lvgng bon vi Ky hiéu
1 Luwc newton N
2 Ap suit pascal Pa
3 Nang luong joule j
4 Ccéng suét watt w
5 Bién tich coulomb c
6 Dién thé volt V
7 Tan s6 hertz Hz

F. HE PON V| CGS
Chiéu dai: cm
Nang lvong: erg, ky hiéu ec, lec = 10~7jun (j).
Dién tich: don vi tinh dién, ky hiéu dvtd, ldvtd = 0,33. 10~9culon (C)
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G. MOT SO BON VI KHAC HAY DUNG

N° Ton dai lvgng bon vi Ky hiéu

1 Chiéu dai nanomet nm

2 Nhiét doé Celsius °c

3 Ap suét atmosphere atm
bar bar

4 Nang lugng ec erg
electron-Von eV

5 Pién tich d.v tinh dién ues

H. MOT SO HANG SO VAT LY HAY DUNG

Hang s6 khi R 831j. mol-lK1
1,98 cal. mol-1K 1
0,082 1 atm. mol-1.K-1
S6 Avogadro N 6,02.1083mol-1
96 500 c.mol-1

T

S6'Faraday

Hé s6 chuyén dai

10-9 m

T(K) =t°c + 273

* 105Pa « 760mmHg
* 105Pa

10-73

1,6.10-19

3,3.10-2c

Hang sé Planck k  6,62.10-3%j.s = 6,62.10-Zerg.s

218



TAI LIEU THAM KHAO

1. Bao Binh Thic (1994). Nguyén t&r va lién két hoa hoc - Nha xudt ban BH Qudc gia.

2. Dao Binh Thirc (2002). Hoa hoc Bai cvong - Nha xudt ban Giado duc. Tap I va Il.

3. Phan An, Nguyén ST Dac, Phan Lé Hang, Nguyén Van Hién, Dinh Viét Hing,
Luu Van Tién (1993). Bai gidng Hoa hoc - Nha xudt ban Y hoc.

4. Vibang B0 (1994). Cosé ly thuyét cac qua trinh hod hoc —Nha xuét ban Giao duc.

5. Nguyén Binh Chi (1991). Co'sa ly thuyét hoa hoc. Nha xuét ban Gido duc. Phan |I.

6. Nguyén Hanh (1992). Coso ly thuyét hoa hoc. Nha xuét ban Giao duc. Phan II.

7. Nguyén Duy Ai, Nguyén Tinh Dung, Tran Thanh Hué, Tran Qudc Son, Nguyén
Van Tong (Tap | - 1999, Tap n-1992). Mot s6 van dé chon loc clia hoa hoc. Nha
xudt ban Giéao duc.

8. Nguyén Birc Chung (1996). Hoa hoc dai cuong - Nha xuét ban Tré.

9. Nguyén Van Tdu, Dwong Van Dam, Hoang Ha, Nguyén Tién Qui (2002). Giao
trinh Hoa hoc dai cwong - Nha xudt ban Giao duc.

10. Pauling.L, Pauling.P (1975). Chemistry - W.H Freeman and Company San
Prancisco.

11. Akhmetov.N. s (1975). Neorganicheskaya Khimiya - Maxcova.Viskaiya Skola.

12. Chang, p (1980). Phyzycheskaya Khimiya & prilogeniyami k biologhicheskimi
Maxcova “Mir”.

13. Nenitsexcu.K (1968). Obschaiya Khimiya - Maxcova." Mir”.
14. Alexeyev.V (1979). Quantitative Analysis - Moscow. “Mir”.

15. Brady. E (1978). General chemistry - Principles and structure John Wiley &
Sons. New York.

16. Williams.R, Williams.B (1973, 1977). Basic Physical Chemistry for the life
sciences - Macmillan Publishing Co., Inc.

17. Steven, s Zumdahl (2002) Chemistry - Houghton Mifflin
18. Chang R. (2002) Ctemistry - 7th Ed. McGraw-Hill

19. Gilbert TR; Kirss RV; Davies G(2004) Chemistry: The Science in Context.
Norton

219



Chiju trach nhiém xuat ban:
Cha tich Hai dong Thanh vién kiém Téng Giam déc NGO TRAN Al
Téng bién tap kiém Pho Téng Giam ddic NGUYEN QUY THAO

T6 chirc ban thdo va chiu trach nhiém néi dung:
Phé Tong bién tdp NGUYEN van tuw
Giam déc Cong ty CP Sach DH-DN NGO THI THANH BINH
Bién tap lan dau:

HOANG KIEU TRANG
Bién tap tai ban va stra ban in:
NGUYEN HA XUAN
Trinh bay bia:

BUI QUANG TUAN
Chéban:

DINH XUAN DUNG

© Ban quyén thudc Bd Y té (Vu Khoa hoc va Bao tao).
HOA PAI CUONG
(DUNG CHO PAO TAO BAC s7 DA KHOA)

Ma s6: 7K720y2 - DAI
S6 dang ki KHXB : 33 - 2012/CXB/7 - 1995/GD.
In 1.000 cudn (QD in s6 :07), khé 19 X 27 cm.
In tai Cong ty CP In Phlc Yén.

In xong va ndp lwu chiéu thAng 3 nam 2012.



