+ Nguon suu tam: Pai hoc Bach Khoa TPHCM

£ Nghiém cam duéi moi hinh thac chuyén doi thanh
tai liéu thu loi nhuan,ky tén dong dau ma khéng ghi
rd nguon géc.
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HOA DAI CUONG — GV Nguyén thi Bach Tuyét

NHIET PONG HOA HQC

Nhiét déng héa hoc — la mén khoa hoc nghién ciru cac quy ludt vé sw chuyén bién
twong hé giita héa ndng va cdc dang néing lwong khdc trong qud trinh héa hoc.
Gia tri va suwc manh cua nhiét dong hoa hoc la o cho khong can phdi lam thi
nghiém — thuong rat ton tien va thi gio - hoan toan chi dvwa vao nhiét dong hoa hoc
xdc dinh nhitng hiéu tng nang lwong ciia cdc qud trinh héa hoc ma cé thé tinh
todn tra 1oi cdc vin dé sau day:
+ Hiéu &rng nhiét ctia cac phan wng héa hoc. (chuong: Nhiét hoa hoc)
+ Dy doan mirc d9 tw dién ra ciia cac qua trinh héa hoc.
( chuong: Mitrc d6 va chiéu hudng dién ra cta cac qua trinh hoa hoc)
+ Diéu kién cAn bang va cac yéu td bén ngoai anh hwéng dén can bang.
XAc dinh hiéu suét phéan wng. (chuong: Can bang hoa hoc)

CHUONG IV : NHIET HOA HOC

|.CAC KHAI NIEM CO BAN
1. M@t s6 khai niém can thiét
a. H¢ héa hoc:1a phan vat chat vi mo (gdm mot s6 16n tiéu phan )duoc giéi han dé
nghién ctru, phan con lai cua thé gidi xung quanh hé duoc goi 1a moi truong.

Vi du : H¢ (1 lit dd NaCl 1M va binh chira) + Moi truong ( khdng khi xung quanh)
Hé c6 thé tuong tic véi bén ngoidi qua nhitng ranh gidi clia né. Tuong tic d6 bao
gdm viéc trao ddi ning lugng (dudi dang nhiét va cong ). Nguoi ta phan biét:

v’ H¢ hé 1a hé co thé trao d6i ca chat va ning luong voi mdi trudng.

v’ H¢ kin: 1a hé khong c6 su trao d6i chat ma chi c6 sy trao d6i nang lugng véi moi

truong va thé tich cia n6 ¢ thé thay doi

v’ H¢ ¢6 ldp: 13 hé khong trao doi ca chit va ning luong véi moi truong. Thé tich
clia n6 phai khong d6i, vi moi bi€n thién thé tich déu gin lién véi viéc sdn ra
cong chdng ap sudt ngodi (trir trudng hdp dp suit ngoai bing khong ).

v’ Hé doan nhigt:13 hé khong trao d6i chat va nhiét, song c6 thé trao doi cong véi
moi truong.

v' Hé dong thé: la hé ma cdc thudc tinh khong doi hodc thay doi déu lién tuc tir

diém nay qua diém kia, hoan toan khéng cé nhitng bé mdt phdn chia trong hé. Bé

mdt phdn chia la nhitng bé mdt vt Iy ma khi di qua né cé s thay déi dét bién

nhitng thudc tinh vi mé nao do cua hé.
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v’ Hé dong nhat:la hé cé thanh phan nhw nhau va c6 cdc thude tinh nhw nhau &
khcfp moi diém ciia hé.Néu hé khong dwoc nhu thé thi hé la khong déng nhat.
Hé dong nhat bit budc phai 1a dong thé. Nhung hé dong thé khong tat yéu 1a hé
ddng nhat.
Vi du- khi quyén la mot hé dong thé, khong cé bé mdt phén chia, nhung cdc thudc
tinh ciia nénhu dp sudt , ti khéi v.v..thay déi dan theo do cao, nén né la hé khong
dong nhat.
v’ Hé di thé: 13 hé c6 nhitng bé mit phin chia.
Vi du- hé hdp bdi nudc 16ng va nude d4 1a hé di thé. BE mit phin chia nu6c 16ng
va nudc dd 1a mot bé mit vat ly bi€u thi sy dit doan trong nhitng thudc tinh cta
nudc : khi di qua né, ti kh&i clia nudc thay ddi dot bién ( tf khdi ciia nu6c 18ng
x4p xi 1, ti kh&i nudc da xap xi 0,9)
v’ Khdi niém pha: Tip hop nhitng phdn dong thé gidng nhau clia mot hé hop
thanh mdt pha.
H¢ dong thé bao gio ciing la hé mot pha. Hé dj thé la hé cé tix hai pha tré 1én.
Vi du- hén hop cdc chdt khi ludn ludn la hé dong thé
Vi du- hé nudc 1éng — nudc dd la hé di thé cé hai pha
H¢ cdn bang: 1a hé c6 nhiét do, dp sudt, thanh phan giong nhau & moi diém ciia hé va
khéng thay doi theo thoi gian.

b.Trang thdi ciia hé va théng sé trang thdi, ham trang thdi
*Trang thdi ciia hé dudc x4c dinh biing tdp hgp cdc thong sd trang thdi bi€u dién
céc tinh chdt 1y hod clia hé nhu : nhiét do, 4p sudt, thé tich, ning lugng....
Céc thong so trang thdi lién hé v6i nhau bing cdc phuong trinh trang th4i.
Céc thong s6 trang thdi dugc chia 1am hai loai:

* Thong s6 dung dé: 1a nhitng thong s6 ty 1& v6i luong chat nhu: thé tich, khoi
luvong, niang lugng, ... va c6 tinh cha't cong.

*Thong s6 cwong dj: 1a nhitng thong s& khong phu thudc vao lugng chi't nhu: nhiét
do, 4p sudt, nong do, khdi lugng riéng...Cac thong sd nay khong co tinh chat
cong

*Trang thdi cin b&ng: Mot hé ¢ trang thai can b%lng nhiét dong khi gia tri cia céc

thong sb trang thai & moi diém ctia hé phai nhu nhau va khong thay d6i theo thoi gian.
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+ Ham trang thdi- 12 ham sb cua cac thong ) trang thai, dac trung cho trang thai
cua hé.

Céc thong sb trang thai c6 thé 1a mot ham trang thai nhung dong thoi ciing 6 thé

1a bién s6 trang thai.

Chang han ddi véi khi 1y tudng:

P= nvﬂ =f(T,V) P :1a ham trang thai ; T, V : 1a bién sb trang thai.

V= % =f(T,P) V:lahamtrangthdi ; T.P:1abién sd trang thai.
Trong nhiét dong hoa hoc, sau nay ta thudng ndi dén cac ham trang thai khac nhu :
nodi nang U, entanpi H, entropi S, thé dang nhiét dang ap G...
4 Dic diém ciia ham trang thai :
» Céc ham trang thai c¢6 gia tri chi phu thudc vao trang thai cua hé.
> Trong qué trinh bién d6i trang thai bat ky, thi bién thién ctia ham trang thai
chi phu thudc vao trang thai dau va cubi ma khong phu thude vao cach tién

hanh bién d6i trang thai nghia 1a khong phu thudc cac trang théi trung gian
( tirc khong phu thude vao duong di )
Vi du : Xét sy bién ddi do cao cho hai cach tién thanh khac nhau :

D0 cao so voi muc nude bien

Khi thyc hién qua trinh bién doi
tir A dén B theo hai con duong 1
va 2 thi do bién d6i d6 cao so vai
muc nude bién van nhu nhau:
Ah= hg - ha

hg

ha

TRANG THAI CHUAN (°)
Ap suat chuan 1a 1 atm.
Nhiét do co6 thé chon nhiét do bat ky, nhung thuong ldy & 25°C ( nhiét d6 chuén).
Chat phai ¢ trang thai tdp hop bén nhét hodc thong thudng nhat ¢ diéu kién da
cho.
Dbi voi chat 16ng va chat ran phai & dang nguyén chat, bén nhat hodc thuong gip

R/ R/ K/
0‘0 0‘0 0’0

K/
0’0

nhét ¢ 1 atm va & nhiét do T da cho.
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Vidu : & 1 atm, 25°C d6i véi cacbon thi dang tinh thé bén 1a graphit (than chi) chir
khong phai 1 kim cuong ; d6i véi luu huynh dang bén 1a ta phuwong chir khéng phai
don ta.

% P6i v6i chat khi, ¢ nhiét do T trang thai chudn 13 trang thai gia dinh cta khi
nguyén chat, bén nhat hodc thuong gip nhat (vi du oxy Oz , chir khéng phai ozon
O3 ) xem nhu khi 1y tuéng cé ap sudt riéng phan P=latm.

% Dung dich thi ndng d6 1 mol/l.

c. Qua trinh: 13 con duong ma hé chuyén tir trang thai nay sang trang thai khac ( co sy
bién d6i it nhat 1 thong so trang thai)

“Qud trinh thudn nghich: 13 quéa trinh c6 thé xdy ra theo 2 chiéu nguoc nhau va
tuong ddi cham, sao cho & mdi thdi diém nguoi ta co thé biét duoc trang thai cta hé.
Qua trinh thuan va qua trinh nghich cung theo mdt con duong va do d6 hé khong
gay ra mot bién d6i ndo vé méi trudng xung quanh.

*Qud trinh bét thudn nghich: 13 qua trinh khong tuan theo cac diéu kién trén.

Tét ca cac qué trinh ty dién ra trong tu nhién déu 13 bat thuan nghich.

v' Qud trinh ding dp: p = const

v' Qud trinh dang tich: V = const

v’ Qud trinh diang nhigt: T = const

v' Qud trinh doan nhiét : Q = const. Hé khong trao do6i nhiét song c6 thé trao doi
cong v4i mai truong xung quanh.

d .Nhiét va cong

Nhiét (Q) — 13 thudc do su chuyén dong nhiét hdn loan cta cac tiéu phan.

Cong (A) — 1a thudc do cua sy chuyén dong c6 trat ty cod hudng ciia cac tiéu phan trong
truong luc.

Nhiét va cong 1 hai hinh thirc trao doi ning lugng ctia hé v6i moi truong.

Nhiét va cong chi xuat hién trong qué trinh bién ddi trang thai cia hé nén né 1a ham cia
qué trinh va phu thudc vao cach thirc ciia qué trinh bién doi.

QUI UGC VE DAU CUA NHIET VA CONG ( theo nhiét dong hoc)
CONG — hé sinh cong — cong co dau+ (A >0)

hé nhan cong — cong c6 dau — (A <0)
NHIET — hé thu nhiét — nhiét c6 ddu duong (Q > 0)
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hé phat nhiét — nhiét c6 dau 4m (Q < 0)

Mol trudng
ong (A) - Nhiét (Q)

Nhan nhiét:Q > 0

#+ CONG - tong quat cong A ma hé thuc hién dugc trong qua trinh hé chuyén tir trang
thai 1 sang trang thai 2 dé chdng lai cac lyc bén ngoai tac dung 1én hé nhu ap suat, dién
truong, tir trudng, stc cang bé mit ...

Trong cic qua trinh héa hoc, hé chi trao doi cong vi moi trudong ngoai khi cd su bién
thién thé tich , d6 12 cong din nd ( cong co hoc )

Cong din nd bang tich cua luc tac dung F clia mdi trudong ngoai voi quing dudng dich
chuyén 7.

Khi thuc hién qua trinh hoa hoc ¢ diéu kién dang ap, céng din nd duoc xac dinh nhu

sau: A=F./= Png'S'f = Png AV

gaf wﬁw

Dbéi voi cac phan ing hoa h()c, trén thuc té cong dan n¢ chi can xét khi c6 su thay doi

thé tich cua cac chat khi tham gia phan ung. D4i voi phan tng trong méi trudng 1ong

hay ddi voi chat rin tham gia phan tng thi su bién thién thé tich qua nhé nén cong dan
nd duge coi nhu bang khong.
O diéu kién phan ung dang ap, dang nhiét: Png = Pk
Vi khi dugc xem la khi Iy twong, nén ta c6 : P.V = nRT hay P«.AV= An.RT
Trong d6 An 1 bién thién s6 mol khi trong phan tng .
An = tong s6 mol khi ctia san pham - tong s6 mol khi chat dau.
Cong dan nd : A =Png. AV =Px.AV= An.RT
Vi du - Cho phan tng & diéu kién dang ap dang nhiét & 273K :
H20 (k) + C(gr) = Hx(k) + CO(k)
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Dua vao phan tng ta c6 : An = 2-1=1 (mol)
Coéng dan nd cho phéan mg trén 1a : A= (1).(8,314).(273) = 22,7.10% J > hé sinh cong
Ghi chii : Cac don vi ning luong chuyén dbi:
1cal = 4,1840 J = 0,0413 l.atm = 41,3 cm®.atm
1J = 0,239 cal = 9,869 cm3.atm = 9,869 .10 lL.atm
1l.atm =101,33 J =24,2 cal
+ NHIET DPO- céc tinh toan nhiét dong thuong stir dung nhiét 3o Kenvin (K)
T(K) =t(°C) + 273,15

II.CAC PAI LUQNG NHIET PONG VA HIEU UNG NHIET

1. Cac dai lwgng nhiét dong

£ Noi ning U:la ning lugng san c6, an ddu bén trong hé, bao gdm:

v’ Nang luong cua tit ca cac dang chuyén dong tinh tién, chuyén dong quay,
chuyén dong dao dong ciia phan tir, nguyén tir, hat nhén, electron trong hé.

v Nang luong tuong tac ddy ctia phan tir, nguyén tir, hat nhan, electron.

v' Nang luong bén trong hat nhan.

N6i cdch khdc, néi ning la ning lwong toan phin ciia hé triv dong ning va thé

nang toan hé.
Pon vi do ni nang : kd/mol ; kcal/mol 1 cal = 4,184]

» NOoi nang hé no6i chung phu thudc vao ban chét, lugng chét, nhiét do, ap suét, thé

tich va thanh phan. Nhung d6i voi hé gdm n mol khi 1y tudong, ndi niing cia khi Iy

twong chi phu thudc vao nhiét d6 vi ap suét va thé tich khong anh hudng 1én thé

nang cua hat.

» Nguoi ta khong thé xac dinh dugce tri tuyét ddi caa noi nang ngay ca voi mot hé
don gian nhét (vi khong thé dua hé vé nhiét do 0 tuyét d6i). Tuy nhién trong nhiét
dong hoc nguoi ta khong can xét gia tri tuy¢t ddi cua noi nang ma chi can xac dinh
bién thién AU cta ndi ning trong qua trinh bién d6i trang thai.

> Khi chuyén tir trang thai c6 nodi ning Ui sang trang thai c6 ndi ning Uz dua vao

ning lugng phat ra hay thu vao ctia mot hé ngudi ta co thé suy ra mot cach chinh
xac do bién thién nodi nang AU ciahé¢: AU =U,-U;
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Khi truyén mét nhiét lwong Q cho hé, trong trwong hep chung, lwong nhiét
d6 sé dung dé 1am ting ndi ning ciia h¢ va thyuc hi¢n mot cong A chong lai
cac lire bén ngoai tac dunglén hé . Q = AU+ A (dl bao toan ning lugng)

Trong cac qué trinh hoa hoc cong A thuong la cong dan no :

Congdannd A=PAV — Q = AU+PAV

Néu qua trinh 12 dang tich: AV =0 (congdinnd A=0) — Qv=AU

— Trong qué trinh dding tich, néu hé khéng thwc hién mét cong nao khdc ngoai cong
din né thi nhiét lwong Qv cung cdp cho hé sé lam thay doi ngi ning U ciia hé.
Tuy nhién cac phan tng héa hoc thuong dugce thuc hién & ap suét khong doi cua
khi quyén 1a 1 atm
+ Entanpi H
Trong truong hop ap suat khong doi ta co:
Qp = AU +PAV ma AU=U-U
AV =V -V
Nén : Qp=(U2—Uy) + P(V2- V1)
= (U2 —-PV2) — (U1 + PVy)
dat: H=U + PV.
H dworce goi la entanpi va ciing 1a mot thong so trang thai ciia hé.
H bao gom U va kha ning sinh cong tiém an cta hé.
Vay H 14 du trit nang lwong toan phan cta hé.
Vay: Qp=H2-Hi=AH
— Trong qud trinh ddng dp, néu hé khong thwe hién cong nao khdc ngodi cong
dan né thi nhiét lwong Qp cung cip cho hé sé lam thay déi entanpi ciia hé
Pon vi do cua entanpi : kJ/mol hay kcal/mol

2. Hiéu trng nhiét cia cac qua trinh h6a hoc va phwong trinh nhiét héa hoc
a. Hi¢u trng nhiét ctia qua trinh héa hoc

% Hi¢u trng nhiét: 1a luong nhiét ma hé thu vao hay phat ra trong qua trinh héa
hoc dung dé thay d6i noi ning (ding tich) hodc entanpi (ding ap) ctia hé
v' Céhc phan ung héa hoc xay ra trong diéu kién dang tich, hiéu tng cta nhiét
phan tng héa hoc chinh 1a d6 thay d6i ni ning : Qv = AUy
v' Théng thuong cic phan img héa hoc xay ra trong diéu kién dang ap nén hiéu
{rmg cua nhiét phan tmg hoa hoc chinh 1 d6 thay d6i entanpi : Qp= AHp
% Quan hé gitta AH va AU trong qud trinh ding dp: Qo= AHp =AUp +P. AV
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> Trong cic phan mg chi c6 chéat long va chat rin tham gia: AV ~0. Néu

nhimg phan tng nay duoc thuc hién & ap suat twong ddi bé nhu ap suit khi

quyén thi PAV~0nén AH~ AU.

> Trong cac phan (g c6 chat phan g hay san pham la chat khi, AH va AU
c6 thé khéac nhau

Dbi voi khi 1y tuéng: PV = nRT

Nén : PAV =AnRT

Khi An=0thi AH= AU

Khi An=0 thi AH=AU+ANRT

Quan h¢ giiva hi¢u ikng nhiét dang tich va hiéu teng nhiét ding dp:
Qv= AUy

Qo= AH,=AUp+ P.AV

Do AUy = AUp

Tacd: Qp—Qv = P.AV = An.RT

b. Phwong trinh nhiét héa hoc

v

Phuong trinh nhiét hoa hoc 1a phuong trinh phan ing hoa hoc thong thuong co
ghi kém hiéu Gmg nhiét va trang thai tap hop cua cac chit tham gia phan tng va
san pham
Quy woc: Phan ung thu nhiétcé AH>0

Phan tng téa nhiét c6 AH<O0
Du dodn chiéu hiedng dién ra cia phan vmg héa hoc (ddang dp): Trong diéu
kién binh thudng (nhiét d6 thap), phan Gng téa nhiét (AH < 0) 1a phan Gng co
kha tu xay ra

Hiéu irng nhiét tiéu chudn : AH®

e Ap suat chuan : 1 atm

e Nhiét do T, thuong chon & 298K (25°C) Ky hiéu AHY,

e Céc chit phan Gmg va san pham tao thanh déu & cing nhiét d6 T va & trang
thai chuadn (n€u chat khi thi Px =1 atm, néu dung dich thi C=1 mol/l)

Vi du: Zny + 2HCl(gay = ZnClaay + Hag), AH 2= -152.6kJ/mol
Cin + H20g) = COg + Hogy,  AHg,, =+ 131,3 kd/mol

Ch y: Hiéu tng nhiét phan tmg ty 18 v&i lwong chit phan tng va san pham:
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YaHaw + % Clagg = HCly ~ AH3, = -92,8kJ/mol
Haw + Clagg =2 HClg AHS, = - 185,6kJ/mol

c. Nhiét tao thanh va nhiét dot chay:

& Nhiét tao thanh: 13 hiéu tmg nhiét ctua phan tng tao thanh 1 mol chat tir cac don
chét ing voi trang thai ty do bén nhit trong nhirng diéu kién da cho vé 4p suit va
nhiét do.

Khi diéu kién di cho la diéu kién chudn thi ta ¢é nhiét tao thanh tiéu chudn.
v’ Ky hiéu nhiét tao thanh tiéu chuan: AHS,
Cdc don chat bén ¢ diéu kién chuan nhie : Clo(K) , Ha(k) , O2(K) , N2(K) , Brz(Zong)
A2 (rdn), Cgr), S(ta phwong).

Vidu : ¢ diéu kién chudn, phan iing tao thanh CO2(K) 14 :
C(gr) + 02 (k) = CO2(k) ; AHZ, =-393,51 kJ /mol

v/ Nhiét tao thanh cua cac don chit bén & diéu kién tiéu chuan dugc quy udc
bang 0

v/ Nhiét tao thanh tiéu chuan cta ion H* .nH20 trong dung dich nudc dugc quy
udc bang khong.

Nhan xét : Phdn trng phdn hiiy la phdn trng nghich ciia phdn wng tao thanh.

& Nhiét dot chdy: 13 hidu Gng nhiét ctia phan tng ddt chay 1 mol chat d6 bang khi
oxy tao thanh c4c oxyt cao bén ¢ diéu kién phan tmg .

+ Doi voi cac hop chét hitu co 14 hiéu tng nhiét cua phan Gng ddt chay bang oxy 1
mol chét hitu co dé tao thanh khi CO, , nudc 1ong va mét sd san pham khac.

Vidu : CHs (k) + 202(k) = CO2 (k) +2H20 (I)

+ Can chu y rang trong mot s6 truong hop, san pham chdy c6 thé khong phai 1a oxyt
.Chan han cic chat chira halogen chay c6 thé tao thanh halogen tuy do , hydro
halogenua...

v Khi diéu kién d3 cho 1a diéu kién chuan thi ta c6 nhiét dot chdy tiéu chuén.
Ky hiéu nhiét d6t chay tiéu chuan : AHS,,
v/ Nhiét @6t chay tiéu chuan ciia khi CO, va nudc long dugc quy udc bang
khong.
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d. Su phu thudc cia hi¢u ng nhiét vao nhiét d¢
AH thay ddi theo nhiét do khong nhiéu ldm. Néu nhiét 46 T khong cao qua , mot

cach gan dung c6 thé xem A H% ~ A H%gg .

I11. Pinh luat nhi¢t Hess va hé qua
1.Dinh luat Hess:
Hiéu 1ing nhiét ciia phan iing héa hoc ¢ diéu kién dang dp hay dang tich chi phu
thudc vao bdan chdt va trang thdi cia cdc chat dau va san pham cudi chir khéng phu
thudc vao dwong di ciia qud trinh, nghia la khéng phu thudc vao sé lwong va ddac diém

ciia cdc chat giai doan trung gian.
— ¢6 thé cong hay trir nhitng phuong trinh nhiét hda nhu nhiing phuong trinh dai sb.

AH1 A — C AH:
A —) B + C — D AHB
D — B AHs
AH2 l AHa4 1
A —-B AH:
C — D
AH3

Hiéu trng nhiét ciia mot phan tng bang tong hiéu tng nhiét cia cic phan tmg trung
gian ¢ cung diéu kién.
AHi1=Hs -HA=Hs-Hp+ Hp-Hc+Hc-Ha=AH2 + AH3 + AH4
» HE¢ qua 1 (dinh luat Lavoisier — La Place): Hiéu #ng nhiét cua phan u#ng
thudn c6 do I6n bang hiéu g nhiét cia phan ing nghich nhung nguwoc dau.

AHt AHt+ AH, =0
—
A <—— B —  AH{=- AHn
AH, Nén: AHg=- AHph

> HE¢ qua 2 — Chu trinh BORH HABER
Tinh nang lugng mang tinh thé ion ctia NaCl & diéu lién chuan, 298K.

Unm= 7?27?77
NaCl (r) > Na*(k) + CI(K)
l -(AHO%98)1t Nac l1Na Fci
AH? a
Na(r) + 1/2Cly(k) AHEssfoNe | Na (s Cl (k)
1/2(AHO298)p1

Um= -(AH® 208 )t Nac1 + (AHC 208 )th na + 1/2 (AH® 208)picia+ 11 na + Fal

10
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> Hé qua 3- Hiéu irng nhiét ciia phan iing bang tong nhiét tao thanh cia cdc
san pham trir di tong nhiét tao thanh ciia cdc chat dau.
aA+bB = cC+dD; AH°pw
AH®pe = [cCAHy (C) + dAH’w (D)] — [aAH« (A) + bAH®y (B)]
Vi du : Tinh hiéu trng nhiét cua phan ting sau:

Al203 () + 3SO3() )= Al2(SO4)s3 (), (4) AH,=?

Biét nhiét tao thanh tir cac nguyén t ctia cac chét sau day:

2Aln+ 3/2024) = Al203 (1) AH,=-1676.0kJ/mol
S + 3/2 Oz) = SO3k) (2) AH, =-396,1kJ/mol

2Alr + 3S() + 60209= Al2(SO4)3 (), (3)  AH, =-3442 kJ/mol
giagi:taco  (4) =(3) —[(1) - 3x(2)]
—  AH,= AH, — (AH, +3AH,)
> Hé qua 4: Hiéu vmg nhiét cia phan g bang tong nhiét dot chdy cua cde chdt
dau triv di tong dot chdy cia cdc san pham phan iing
aA+bB = cC+dD; AH°uw

AH®pe = [@aAH®gc (A) + bAH®gc (B)] — [cAH®4c (C) + dAH 4. (D)]
> Hé qua 5 —Hiéu tmg nhiét cua phan ung bang tong ning luong lién két cua chat
dau trir di tong nang lugng lién két cua san pham.
Hiéu tng nhiét ctia phan tng bang tong nang luong lién két bi dit (ctia chat dau)

trir di tong nang luong lién két rap (cta san pham) .
> Ch( Y : phan tmg voi cac chat tham gia 14 hop chat cong hoa tri ¢ trang thai khi.

11
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TABLE 7.1 Average Bond Dissociation Energies, D (kJ/mol)?

H-H $¢ C—H 40 N—-H 30 O—H 40 F-F 15
H-C 40 C—C 3%0 N-C 30 O0-C 30 C(l—-C 43
H=F 50" C-—F 460 N-F 220 O—F 180 Br—Br 19
H—Cl 42 C—C 30 N-—C 200 O—Cl 200 I-I 15I°
H—Br 36" C—Br 20 N—Br 240 O—Br 210 S—F 310
H-1 298 C-1 40 N-I — O-I 220 S—C 20
H-N 3% C-N 30 N-N 240 O—-N 20 S—Br 210
H=0 40 C—0 30 N-O 20 O0-0 180 S-S5 2%
H=6 M0 C-§5 20 N-§ — 05 —

Muliple covalent bonds"
C=C 6l C=C 85 C=0 72 0=0 498 N=N %5

Vi du : Tinh hiéu trng nhiét tiéu chuan AHO 293 cuia phan tng sau ¢ 298K :
CoHa(k) + HO (k) —  CaHsOH (k)
H OH

H H
AN / | I
/C%C\ + HO\KH — > H- C-—CTH
H H ! '
H

H

AHO 205 = SE (lién két dut) — > E(lién két tao thanh)
= YE(H-O + C=C) - SE(H-C + C-O + C-C)
= (460 +835) - (410 + 350+ 350) =-185 kJ/mol <0

12
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CHUONG V: THE PANG AP
&CHIEU CUA CAC QUA TRINH HOA HQC

I. Xdc suat nhiét dong (W) - Xdc sudt nhiét dong hoc cia mot hé 1a sb cach sip xép cua
cac phan tir trong hé. (W >> 1)
Hé c6 mirc d6 hon loan cang 1on, tirc 14 xac suét nhiét dong cua hé cang tang.

Vi du: Tinh x4c sut nhiét dong cua cac hé sau

RELATIVE NUNMVMBER OF MICROSTATES., W

w CLOSED W OPEN
1 ‘OI """t oD { [ A R ~—— <
1 atom
- .\QF’ — 22 — g < <
[ < A >
. L ;
1 ‘ ~ 9 o 28 =189
— L= — S
L [ < [ = 0 =8
1 10 atoms 2710 = 10249

1 &><1023 atoms =2>Na

IL. Khai niém vé Entropi:

O nhiét d6 thap nhiéu qu4 trinh tu dién ra khi AH < 0. Tuy nhién, trong thyc té c6 mot sb
qué trinh c6 AH > 0 nhung van tu dién ra.. Vi du nhu cdc qua trinh sau:

Hoén loan thz"ip Hon loan cao
AR AH=0 )
;! — g ~~~~~ L =t
o Ty phat e

QUA TRINH KHUECH TAN KHIi DIEN RA TRONG HE CO LAP

(b)

Hoén loan cao Hon loan thz“ip

Khong tu phat
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1 : : i
1 E 1
L
| : i
SOLAR
EMNERGY

EvViaPORATION

QUA TRINH BAY HOI, NONG CHAY TU DIEN RA CO AH >0
H20 (1) = H20 (h)
H20 (r) = H20 (1) dd hén loan thip — d6 hdn loan cao

Céc truong hop trén cho thay chiéu hudng dién ra cua qua trinh 1am ting do hon loan.
Tir d6 cho thdy hiéu tng nhiét A H chua thé 1a dai luong tiéu chudn dé tién doan chiéu va
gi61 han qué trinh . bPé dac trung cho muc do hon loan cua hé nguoi ta dung mot dai
luong goi 1a entropi. Ky hi¢u entropi :S

1.Dinh nghia Entropi: Entropi (S) I thudc do d¢o hon loan ctia hé.
S ~dohdnloan ~ W nénS = f(W)
H¢ thirc Boltzmann : S =kInW = iInW
A
Trong d6: Kk - hiang s Boltzmann

R - hang s khi ( 8,314 J/mol.do hay 1,987 cal/mol.dd)

Na - s6 Avogadro
+ Entropi 14 ham trang thai c6 gid tri ti 18 v&i luong chit (thong sb dung do).
# Entropi tinh cho 1 mol chat: S =R.InW [ cal/mol d6] hay [J/mol.dd]
4+ Entropi cua mot tinh thé hoan chinh ctia tit ca cic don chit hay hop chit déu bing

khong & khong do tuyét déi (0K).
Dbi voi cac tinh thé hoan chinh & 0K, mdi nguyén tir, phan tir hay ion chiém mot vi tri

xéac dinh trong mang tinh thé , ¢ cting mot nang luong cuc tiéu nhu nhau (trang thai trat
ty nhat ) nén hé chi c6 mot cach sap xép W =1
— So=kinW =0

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

HOA PAI CUONG — GV Nguyén thi Bach Tuyét

» Tudaytaco thé tinh duogc entropi tuy¢t ddi cua cac chét & cac nhiét do khac nhau.

£ O 0K, bién thién entropi ( ASo) trong cac qué trinh bién d6i cic chit ¢ dang tinh thé
hoan chinh déu bang khong.
Vidu: 6 0K, phantng: C(gr) + O2 (r) = CO2 () ASo =0

2.Entropi 1 tiéu chuin xét chiéu trong hé co lap
£ Trong hé cb 1ap nhitng qua trinh bat thuan nghich ty xay ra 1a nhitng qua trinh c6 kém
theo su tang entropi va tang cho dén khi dat gia tri cuc dai thi hé s€ & trang thai can
bang.
> Su bién thién entropi trong hé¢ c61ap: AS> 0

+ Néu hé khong co 1ap ta c6 thé c6 1ap hé bang cach ghép moi trudong vao hé :
AScotap = ASne + ASmsi truong

Vi méi truong ngoai gdm maot khong gian 16n nén sy trao doi nhiét giita hé va moi truong
ngoai khong anh hudng dén trang thai can bang cia moi trudng ngoai nén qua trinh bién
d6i cia moi trudng ngoai ludn coi 1a qua trinh thuan nghich.

Dbi véi qua trinh dang nhiét dang 4p, bién thién entropi cia moi trudng ngoai duge tinh
nhu sau:

Qmtr = -Qne nén ASmoi trudng — Qmtr IT = -Qne IT

3. Entropi tiéu chuin S%ss
Dé tién so sanh va tinh toan , entropi cac chét thuong dugc xac dinh ¢ trang thai chuan ,
nhiét do 25°C .

v Entropi tiéu chuadn:
e Luong chét: 1 mol
e Nhiét do: 25°C Ky hiéu SC,,

e Apsuat: latm

v' Don vi do: JImol.K hay cal/molK
v’ Entropi tiéu chudn cac chat co gia tri dugc tra bang & sach hoa dai cuong
4. Tinh chit entropi :
+ Hé cang phirc tap, phan tir cang phtrc tap thi entropi c6 gia tri cang 16n.
Vi du - S%g8 O(K)) < S%gs O2 (k) < S%gs O3 (K)
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+ D vai cung mot chit, cung nhiét d0, entropi cua chat d6 & trang thai ran 1éng,
khi c6 gia tri ting dan.
Vidu: S%cs H20 (r) < S%¢s H20 (1) < S%gs H20 (K)
+ Nhiét 0 ting lam entropi ting, ngugc lai ap suét tdng lam giam entropi.
Vidu : S0 HO (1) < S%so H20 (1)
Sa00 H20 (k) 64 atm < Sa00 H20 (k) ¢ 2atM.

4. Tinh AS%gs trong cac qua trinh héa hoc :
Phan wng hoa hoc: aA + bB = ¢C + dD
AS%gs = (cS%gs (C) + dS%ss (D)) - (aS%ses (A) + bS%gs(B))
Vidy: Tinh AS),, ctia phan Ung :
Cwr) + CO = 2COw
Spys (3/mol.K) 5.74 213.68 197.54
Phan tng ¢6 An =1 >0 nén lam ting thé tich AV >0 — entropi ting ASy > O
AS 265 = 2% S35 (CO) —[S 355 (C) + S5 (CO, )]
=2x197.54-[5.74+213.68]
=17566J/K >0

+ Nhin xét: Khi nhiét do tang, AScua phan tng ting khong dang ké . Do d6, néu
khoang nhiét do thay doi khong quéa 16m, mot cach gan dang, co thé coi AS cua
phan trng khong phu thude vao nhiét do.

111 The dang ap — dang nhiét va chieu dien ra cia phan wng héa hoc.

1. Tac dong ciia cic yéu to entanpi va entropi 1én chiéu huéng dién ra cia céc

qua trinh héa hgc

- Trong qua trinh ddng ap ding nhiét, ta thiy rang co hai yéu tb tac dong 1én chiéu
huéng dién ra cac qua trinh hoa hoc. D6 14 yéu té entanpi va entropi.

- Trong diéu kién binh thuong (nhiét d6 thap) , cac qua trinh c6 kha ning ty dién ra
khi AH <0, nghia 13 khi nang lugng ctia hé giam, hé chuyén tir trang thai c6 ning
luong cao hon sang trang thai c6 ning luong thap hon., do d6 trd thanh bén viing
hon — hé chuyén sang trang thai trit tu hon.

- Trong hé c6 lap, qua trinh tu dién ra AS >0, nghia l1a hé chuyén tu trang thai hon
loan thap hon sang trang thai c6 do hdn loan cao hon, c6 do tu do cao hon — hé

chuyén sang trang thai kém trat tu hon.
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- C6 thé nhan xét rang hai yéu t6 nay tic dong dong thoi 1én hé, nhung theo hai chiéu
nguoc nhau. Vi viy can két hop hiéu tng ning luong va hiéu Gmg entropi thdng qua mot
ham trang thai méi dé xac dinh chiéu dién bién cta cac qua trinh tw phat ¢ diéu kién ding
nhiét dang ap . Ham trang thai nay ta dit tén 1a thé dang ap, dang nhiét G (con goi tat
1a thé dang 4p , entanpi tu do, ning luong tu do Gibbs ). Ky hiéu: G (H,S)

2. Thé dang ap — dang nhiét va chiéu dién bién ciia qua trinh tw phat.
Pé c6 thé dung tiéu chuan entropi xét chicu dién bién ciia qua trinh, ta gop hé phan
ung va moi truong thanh hé co 1ap:
AScorgp = ASpw + ASmir 20

MOI TRUONG T ASpw - AHpe- A'>0
thr == Qhé
s, = Ome _=Qe —AHN A AHpw - T.ASpw <-A’

T T T

" PatG=H-T.S

HE PU (dang ap — dang nhiét)

AHp: ; ASpe: A’>0 (hé sinh cong) AGpw <-A’

Qne = AUpy + P.AV +A° = AHpy + A’

Vi A° 20 nén AGpw £0

HECO LAP = HE PU + MOI TRUONG
Trong qua trinh dang nhiét dang ap chiéu dién bién cia qua trinh ty phat 1a chiéu dién
bién ma thé dang ap cta hé giam va dén khi dat trang thai can bang thé ding ap cta hé

dat gia tri cuc tiéu.

PIEU KIEN TU PHAT CHO QUA TRINH PANG NHIET PANG AP

AG Qud trinh dién bién
AG <0 Tu phat
AG >0 Khong tu phat, qua trinh nguoc lai 1a ty phat
AG=0 Hé & trang théi can bang
# Phuong trinh co ban ciia nhiét dong héa hoc AG = AH - TAS

O diéu kién chuin, nhiét do T phwong trinh cé dang 1a : AG%r = AH% - TAS?;
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3.Y nghia ciia AG

+ Trong cic qua trinh hoa hoc cong hiru ich 1a tat ca dang cong hé thuc hién duoc .
Vi du nhu cong dién trong pin dién hoa hoc; cong chéng lai tir trudng ; cong cia cac
phan trng quang hoa .....trir cong dan nd.

+ MOt qua trinh sinh cong c6 ich (A’ > 0) 1a qua trinh ty xayra .

+ Néu qua trinh 1a thuan nghich thi cong hitu ich cuc dai ma hé sinh béng do giam

ctia thé dang ap.
A'max = —AG
Y nghia : Néu qua trinh xay ra trong hé la thuan nghich thi cong hiru ich cue
dai ma hé sinh bing @6 giam thé dang ap.

4. Anh hwéng ciia nhiét do dén chiéu dién ra ciia qua trinh héa hoc
O diéu kién dang 4p, dang nhiét mot phan uing c6 kha nang tu xay ra (trén phuong dién
nhiét dong hoc ) khi bién thién thé dang ap ciia phan tng thoa méan diéu kién :
AG=AH -TAS <0

+ O nhiét d6 thap, do | AH | >> | T. AS | nén dau AG phu thudc vao dau AH

> Nhu vay truong hop nay yéu t entanpi s& quyét dinh chiéu dién ra cua qué trinh.
+ O nhiét do cao, do | AH | << | T. AS | nén dau AG phu thudc vao dau AS

> Nhu vay truong hop nay yéu tb entropi s& quyét dinh chiéu dién ra cua qua trinh.

STT Diu Két luin
AH AS AG
1 - + AG <0 Tu phat 6 moi T
2 + - AG >0 Khoéng ty phat 8 moi T
3 - - T thip AG <0 Ty phat
T cao AG >0 Khong tu phat
4 + + T thap AG >0 Khoéng tu phat
Tcao AG<0 Tu phat

5.Thé ding ap tiéu chuin AG’t
e Cac chit ¢ trang thai chuan :néu 1a chat khi phai 13 khi 1y twéng Px=1atm; néu la dung
dich thi C=1mol/l; néu 14 chit ran va 1ong phai ¢ dang da hinh bén & nhiét do khao sat.
e Nhiétdo T tly y, ky hieu: AG’r
e Néu chon & T=298K , ky hiéu: AG%ss
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e Donvido :kl hay kcal

6. Thé dang ap tao thanh tiéu chuan AG%gg+

e Thé dang 4p tao thanh tiéu chudn ciia mot chat (tinh khiét) 1 do bién thién thé dang ap
ctia phan tng tao thanh 1 mol chit d6 tir cic don chit tng voi trang thai tu do bén & &p
sudt 1 atm va nhiét d6 25°C. ( tra bang & sach hoa dai cuong )

o Ky hiéu : AG%gg

e Don vi do: kJ /mol hay kcal/mol

e Thé dang 4p tao thanh tiéu chuin cua cic don chat bén ¢ diéu kién chuan duoc qui wdc
bang khong.
Vi du : Cla(K) ; Bra(1); 12(r) ; C(gr) ; O2(K) ; N2(K) ;: Ha(k) ... déu c6 AG st = 0

7. Xac dinh d6 bién thién thé dang ap tiéu chuin (AG%sgs) ciia cac qua trinh héa hoc

a)Theo dinh ludt Hess:
Phan tng h6ahoc: aA + bB = cC + dD
AG%298pw) = [C.( AG%s8t)c + d.( AG%ostt)p ] - [a.( AG%208tt)a + b.( AG%0811)8 ]

b)Theo phwong trinh co bdn ciia nhiét dong hoc:

O nhiét d6 298K AG%08(pu) = AH%98(pu) — 298.AS%08(pur )
O nhiétdo T AG rpw) = AH 1ouw—T.AS 1w = AH 2080w — T.AS208(pu)

¢)Theo hing sé cin bang:

O nhiét 46 298K AG 2980w = -RTINKep(T) = - R.298.InK 205
O nhiétdo T AG 1w = -RTINKep(T)

Néu AG°[J] thi R = 8,314 J/mol.K

Néu AG? [cal] thi R= 1,987 cal/mol.K

d)Theo stec di¢n dpng ciia nguyén té6 Ganvanic:
AGoz9s(pu») = -nE°F
Trong do:
> n-1aso electron trao doi ciia phan ng oxyhoéa khir thue hi¢n trong pin dién.
> E°[v] - sikc dién dong tiéu chuin ciia nguyén té6 Ganvanic
> F :s6 Faraday

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

HOA PAI CUONG — GV Nguyén thi Bach Tuyét

Néu AG° [J] thi F = 96500 [Culong.mol™]= 96500 [Jun/von.mol]
Néu AG? [cal] thi F = 23061 [cal/von.mol]
e) Theo chu trinh nhiét dong:
Vidu: tinh AG% ctuaphanung A — B
Cho biét : A — C AG%
C — B AG%
Conghaiputaco: A — B AG%=AG% + AGY%

8. Du d6an chiéu huéng dién ra ciia qua trinh & diéu kién chuin va trong thue té

trén phwong dién nhiét dong hoc.

a) Duw doan chiéu hwong dién ra cia qua trinh ¢ diéu kién chuan , nhiét do

298K phii dwa vao gid tri AG29s0u)

* Néu AG%osm <0 O diéu kién chuan, phan tng ty phat theo chiéu thuan.

£ Néu AG%9spm > 0 O diéu kién chuan, phan tmg khong tu phat theo chiéu
thuan nhung tu phat theo chiéu nghich.

* Néu AG%osm =0 O diéu kién chuan , phan Gng dat trang thai cAn bang .

b)Dw déan chiéu hwéng dién ra ciia qud trinh ¢ diéu ki¢n thue té bt ky.

Can phai xac dinh dai lugng AGpu ctia phan tng dung diéu kién : ap suét , nhiét
do, néng dd...cua qua trinh trong thyc té
£ Néu AG,, <0. O diéu kién thuc té, phan tmg ty phat theo chiéu thuan.
* AGp: > 0. O diéu kién thuc té, phan ng khong tu phét theo chiéu thuan nhung
ti phat theo chiéu nghich.
£ AGp: = 0. O diéu kién thuc t& , phan tng dat trang thai can bang .
O chuong Can bang hoa hoc ta c¢6 thé xac dinh duoc AGpe & diéu kién bat ky.

C)Dwa viao AG 29spu) 6 thé dw dodn twong déi chiéu dién ra ciia qud trinh & diéu
kién thuc té (nhiét dp 298K , dp sudt , nong dp cdc chit trong pw thay doi tity ¥ )

£ Néu AG%ospm < -40kJ . O 298K, phan tmg tu phat theo chiéu thuan
£ Néu AG%ospu > + 40kJ .0 298 K, phan ung khong thé ty phat theo chiéu
thuan ma ty phat theo chiéu nghich .
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£ Néu -40kJI< AG%298pm < +40kJ. O 298 K, phan tmg dién ra thuan nghich.

Vidu: Tinh AGY, Vva AGY,, cla phan (mg va cho nhan xét chiéu huéng pu :

CaCOsn = Cao) + CO2x
AH 355, (k3 /mol) -1205.93 -634.94 -392.92
Spes (J/mol.K) 92.63 39.71 213.31
AG 55, (kJ / mol) -1129 -604 -394.38
Giai

a) Tinh theo AG,

2981t
AG s pu = [AG 55 (Ca0) + AG 4, (CO, )] — AG 4, (CaCO,)
=[-604+ (-394.38)]- (-1129)=130.62kJ> 0

b) Tinh theo phuong trinh nhiét dong :

AH 02989U =[AH ggsn (CaO) +AH gQStt (CO,)]-AH ggstt (CaCO;)
=[-634.94+ (-392.92)] (-1205.93)
=178.07kJ=178070J >0

AS 20801 =[Shes (Ca0) + S (CO,)] -S4, (CaCO,)

=[39.71+ 213.31]-92.63
=160.39J/K>0

AG 2800 :AHgQSpu — 298AS %20

=178070-298x160.39
=130273.78J=130.27kJ > + 40kJ

> O 298K, phan trng khong thé xay ra theo chiéu thuin & bét ky diéu kién nao.
AG 15000 = AH 5005, —1500.AS *1500pu & AH3gq,, —1500.AS * 2980 = —62,52kJ < —40kJ
> O 1500K, trén phwong dién nhiét dong hoc phan @ng cé kha niing tw phat theo

chiéu thuin khong nhitng & diéu kién chuin ma con ¢ diéu kién bat ky.
(nong dd , 4p suit ciia cac chit trong pu thay déi tuy y )
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CHUONG VI: CAN BANG HOA HOC &

MUC PO DIEN RA CUA CAC QUA TRINH HOA HQC
I. MOT SO KHAI NIEM VE PHAN UNG HOA HOQC.

1. Khai niém vé phan rng mét chiéu va phan ing thuin nghich.

a. Phan irng mgt chiéu — (phan ung hoan toan ) 1a phan tng trong do co it nhat
mot chat phan tmg ( chat dau) phan ng cho dén hét . ’
» Khi viét phuong trinh phan tng ta dung dau — hay dau =

MnO, 0

Vidu:  2KCIOs (r) — 2KCI (r)+ 302 (K)

b. Phdn ting thudn nghich —( phan tirng khong hoan toan ) la phan mg ma ¢ cung
diéu kién nhu nhau phan ng xay ra d6ng thoi theo hai chidu ngugc nhau, trong
d6 khong mot chat dau nao mat han khi phan tng ding lai.
> Khi viét phuong trinh phan tng ta dung dau =

Vidu: Ha(k) + Lk = 2HI(K)

Trong do : .

Phan tmg thuan — la phan ung theo chiéu mui tén tu trai sang phai .
Phan ung nghich — 1a phan tng theo chiéu miii tén tir phdi sang trai.

> Néu mot chidu nao d6 ciia phan ung thuin nghich rat yéu (xem nhu khong
dang ké ) thi phan ung tro thanh phan ing mot chiéu .

Vidu: Ha(k) + Cly(k) = 2HCI(k)

Khi thyc hién phan tng & 1000°C d6 phan huy cua HCI la 0,014% nén phan
ung xem nhu 1a phan rng mét chiéu .

Ha(k) + Clxk) — 2HCI(k)

2. Phan trng dong thé, di thé, ddng pha, di pha.
a. Phdn irng dong thé - 1a phan Gng chi dién ra trong thé tich mot pha . Khi hé
hoa hoc duoc chira trong mét binh kin khong qua 16n thi phan ung dong the
xay ra dong thoi khap noi nhu nhau trong toan thé tich cua pha.

Vi du - phan Uing trung hoa gitra dung dich HCI véi dung dich NaOH.
HCI (dd) + NaOH (dd) = NaCl (dd) + H2O(l)

b. Phdn ing di thé - 13 phan tGng chi dién ra trén bé mit phan chia pha, khong
dién ra trong the tich mot pha nao.
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Vi du - Phan tmg oxyhda khi SO2 boi khi O2 thanh khi SO3 dién ra trén bé
mat xUc tac platin 1a phan tng di thé .

+ NHAN XET -
> Phan mg dong thé 1a phan ung dién ra trong thé tich tirc trong khong gian ba
chiéu. Con phan tmg di thé 13 phan Gmg trén bé mit tirc trong khong gian hai chiéu.
> Phan Gmg dong thé chi c6 thé dién ra trong pha khi (hoi) hodc trong pha long .
3. Phan trng dong pha , phan wng dj pha .

& Phin itng dong pha — 1 phan tmg trong hé héa hoc chi lam thanh mét pha tir dau

dén cuoi.
& Phdn tng di pha — 13 phan tng trong d6 hé hoa hoc 1am thanh hai hay nhiéu pha
khac nhau.

Vi du - Ba?* (dd) + SO (dd) = BaSOs 4 (r)
Fe() + 2HCI(dd) = FeCly(dd) + HzT(k)
4. Phan irng don gian va phan wng phirc tap.

* Phdn irng don gidn - pu dién ra qua 1 giai doan (1 tic dung co ban) , tirc 13 di tr
dau dén cudi khong c6 su hinh thanh cac chat trung gian.

Vi du: Ha(K) + 12(K) = 2H1 (K)

+ Phdn trng phirc tap — pu dién ra qua nhiéu giai doan (nhiéu tac dung co ban)
Cac giai doan nay co6 thé noi ti€p hodc song song hay thuan nghich...

Vidu : 2N20s = 4ANO; + O2

Phéan g nay gom hai giai doan ndi tiép nhau :
N20s = N203 + O2
N20s + N2O3z = 4NO2>

I1. PINH LUAT TAC DUNG KHOI LUOQNG (M.Guldberg va P.Waage, 1867)

“Péi vdi CaC phdn lng dong thé don giin, 6 nhigt dp khong doi ) toc do phan
weng ti 1¢ véi tich néng dp ciia cdc chit phén iing véi cdc sé mii biang cdc hé so
ti lwong cua chung trong phwong trinh phan wng “

Phan tng dong thé don gian: aA (k) + bB(k) — cC(k) + dD(k)
v =k[A].[B]°
Trong d6 : v — téc d6 phan tng.
k - hang sb téc d6 phan img . k phu thudc vao cac yéu to sau day:
> Ban chat phan ung
» Nhiét do .
Khi nhiét d6 khong dbi thi k 1a hang sé . Khi nhiét d6 ting thi k ting .
> Xuc tac .
Khi dung xuc tac thi k tang nhanh

Vi du : Xét phan g thuan nghich ,dong thé . Ha(K) + I2(K) = 2HI (k)
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Pu thuén va nghich déu 1 phan tng don gian c¢6 hing sb toc d6 phan Gmg 1a ke va K.
Téc d6 pu thudn 13 : ve = ke.[H2].[12] ; Toc d6 punghich1a: v = kn.[HI]?

I1l. CAN BANG HOA HQC
1. Trang thai can biang héa hoc :
Xét phan Gmg thuan nghich, dong thé, don gian ( ca hai chiéu ) cta hé khi Iy tuéng :
Kt

aA(kf + bB(k = cC(k + dD(K

kl’]
Ban dau : 1 =0 Cad Cg? 0 0 [mol/]
Khipy T Cad Cs ¥ Cc® CoT
Can bang T — (Ca)er = const  (Cg)en = const (Cc)eb =const  (Cp)cv = const
(Vi =Vn) (Pa)eo =const  (Pg)ey = const (Pc)eo =const  (Pp)eb = const

Theo dinh luat tac dung khéi luong ta co:

Téc d6 phan tng thuan 1a :  ve = ke . Ca?.CgP

Téc d6 phan tng nghich 1a : vn = kn. Cc® .Cp¢

Do ndng dd cac chét trong qua trinh phan tng thay doi nén téc d6 phan ing bién doi
theo thot gian nhu sau:

A

»
»

Tcb
+ Khi phan mg : do nong do A va B giam dan nén téc do phan Gmg thuan vt giam;

noéng d6 C va D tiang dan nén tdc do phan Gmg nghich vn ting dan .

£ Khi vt = v , hé & trang thai can bang , luc d6 trong mot don vi thoi gian va mét
don vi thé tich c¢6 bao nhiéu phéan tir C va D dugc tao thanh thi cling c¢6 bay nhiéu
phan tir C va D bi phan ly , tuong tu véi Ava B ciling vdy. Cho nén nong do ciing

nhu 4p suét riéng phan cua cac chét khi trong phan tng 13 hing s6 .

+ TRANG THAI CAN BANG HOA HQC -la trang thai ctia hé phan (mg héa hoc khi
c¢6 téc do phan tmg thuan bang toc do phan Gmg nghich va ndng d6 cac chat phan
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mg ciing nhu san pham phan Gmg khong thay d6i ¢ nhimng diéu kién bén ngoai nhat
dinh.
4+ Trang thai cin bang nay 14 trang thai cin bing dong vi qua trinh thuin va nghich

van tiép tuc xay ra (Vy = Vh).

+ Trén phuong dién nhiét dong hoc thi trang thai can bang héa hoc twong tng véi do
bién thién thé déng 4p cua phan ung tai diéu kién dang xét (nhiét do, nong do, ap

suit..) bang khong AGT =0

+ D4u hiéu cua trang thai can bz"mg hoa hoc:

% Tinh bit bién theo thoi gian : khi diéu kién bén ngoai khong thay doi thi
trang thai can bang khong d6i , nong do cac chat 1a hang sb.

% Tinh linh déng : khi thay doi diéu kién bén ngoai thi trang thai can bang thay
d6i , nhung khi cac diéu kién bén ngoai dugc tai lap thi trang thai cin bang
cling duoc thiép 1ap lai.

% Tinh hai chiéu : & cing diéu kién bén ngoai du di tir phia nao lai dé dat trang
thai can bang thi trang thai nay chi 1a mot.

2. Biéu thirc hing s6 cin bang trong cac truwong hop khac nhau .
a) Can bang dong thé, don gidn trong pha khi Iy tuwéng .
Kt

aA (k) + DbB(Kk) = c¢Ck) + dD(K)

Kn
Can bang (Ca)eb = const  (Cg)cep = const (Cc)ew =const  (Cp)ey = cONst
(Pa)eb =const  (Pg)eb = const (Pc)en =const  (Pp)co = const

Khi trang thai dat can bang. Vi = Vp
kt'(CZ')Cb (Cg)cb 0 kn'(CCC:)cb'(Cg)cb

ki va kn phu thudc vao nhiét d6 . Nén & nhiét do xac dinh k¢ va kn 13 hing sd. ta co:
csc? Biéu thirc cua dinh ludt
), = const. <.
cach tac dung khoi luong
# Kc — hang s6 o nhiét do xac dinh — goi 1a hang s6 can bang
£ Hing s6 can bang ciing c6 thé duoc xac dinh theo ap suat riéng phan cua cic chit khi tai

KC(T): l;t :(

trang thai can bang.

PSP; (CcRT F(CoRT )’ CcCo (cra-a-b)
p( ) ( pz pg )cb ( (CART )a(CB RT )b )cb ( CZCE cb( )

4
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Trongdé: An=(c+d-a-b), (R=0,082atm.I/mol.K; P [atm]; C[mol/l] ; T [K])
A
Kp(T):Kc(T)(RT)n An=0— Kp=K¢

Ch( y : Néu phan tng c6 nhiéu pha khac nhau (khi, 16ng ,rdn ) thi An chi tinh cho chét khi .
b) Cén bing dong thé trong pha long ( dd lodng )

aA (dd) + bB(dd) = cC(dd) + dD (dd)

Cén bang (Ca)eo = const (Cg)cb = const (Cc)eb = const  (Cp)ep = const

CéCo
CiCe

Chu y : Néu phan Umg c6 su hién dién cua nudc (dung modi) thi trong bi€u thic hdng sé can

)., = const

Ke (M) =(

bang khong c6 mat cua nudc.

Vidu: CH3COOH (dd) + H.O = CH3COO-(dd) + Hs30+ (dd)

[cH.coo[H,07] )
[CH,coOH]

Hang sb dién ly : K, (T) =(

¢)Cin bang trong hé phan ieng cé nhiéu pha

Khi thiét 1ap hang s6 cAn bing K, cac thanh phan sau diy khong xuit hién :
> Chit ran nguyén chit , 16ng nguyén chit
» Dung mdi H20

- Vidu: Xét phan tmg di thé (xem CaCO3 va CaO nguyén chét)

CaCOs3(r) = CaO (r)+CO0O: (k)
O nhiét d6 khong d6i, do ap sut riéng phan cta chit rin thiang hoa 1a hing sé nén
(Pcacos )eb = const va ( Pcao)eco = const , nén ta cé:

’ p al p > ’ p aC0,
Kp :( - )cb = Kp(T) = Kp e :( Pco, )cb
pCaCO3 Ca0

Kp = K¢ (RT) = (Cco2)eb (RT) (AN=1) — K¢(T) =(Cco2)eb
-Vi du : Xét can bang trong dd chit dién ly kho tan .

AgCl(r) = Ag*(dd) + CI(dd)
K (T) = Tagel = [Ag™]ew . [Cl]en ( Tagcl — tich s tan )

5
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Vidu: Ce*(dd) + 12H,(k) =  Ce¥*(dd) + H*(dd)

_( leerlln-]
K(I_)—( |_Ce4+J.PH122 )cb

+ NHAN XET VE HANG SO CAN BANG K, & Kc

> Hang sé cin bang la dai lwong khong déi ¢ nhiét dp nhit dinh. Hay néi
cdch khdc hang sé cin bing héa hoc chi phu thugc vao bin chit phdin
veng va nhigt dp chir khong phu thujc vao néng dp va dp sudt riéng phin
ciia cdc chit tham gia phén iing tai trang thdi cin bang héa hoc .

> Hang sé can bang phu thudc vao cdch thiét Igp cdic hé sé ti liwong trong
phwong trinh phan wng .

Vi du : Phan tng tong hop NHs tir Hz va N thiét 1ap theo hai cach sau :

1, Ny (k) + 3Ha(k) =  2NHs (K)

2
I:’NH3 )
cb

Kp :( p p?
N2 HZ

2. % Np(K) + 32 Hok) = NH; (K)

, PNH3
K P :( PN1:2P|_:|32/2 )cb
Taco: Kp = (Kp’)?

> Hang s can bang khong c6 thir nguyén .

> Hiang s6 can bang khong phu thudc vao chat xuc tac.

> Hang s can bang c6 gia tri cang 16n thi hiéu suit phan tng cang cao .
Néu Kep —oo thi phan tng dugc xem phan tng hoan toan .

V. HANG SO CAN BANG VA CAC PAI LUQNG NHIET PONG.

1. Quan hé giira hang s6 cAn bang va d6 thay doi thé diang ap ciia phan ing
trong diéu kién dang nhiét diang ap.
PHUONG TRINH DANG NHIET VAN’T HOFF

aA + DbB = c¢C + dD

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

HOA DPAI CUONG — GV Nguyén thi Bach Tuyét

AG; = AG? + RT In( [ ). =AG? +RT InQ

Trong do :
eAG’r — 12 bién thién thé dang 4p cta phan tmg (thuan) ¢ nhiét d6 T & diéu kién chuan
(néu chat trong pu 14 : khi 1y tuong thi Pk ® = 1 atm; dung dich long thi C°=1mol/l;
néu 1a chit rin hay long phai bén va nguyén chit).
e AGr - 12 bién thién thé ding ap cta phan ung (thuan) ¢ diéu kién thuc té (pu & nhiét 6
T v6i ndng do, ap sudt ctia cac chat trong phan tng ¢ thoi diémT dang xét )
eTrong biéu thirc Q :tuy thudc vao trang thai cac chit trong phan mg ma sy hién dién
cua chung trong phuong trinh trén s€ la:
> Néu la khi 1y tuong thi biéu dién theo ap suét riéng phan cua khi .
Gia st A la khi 1y tuéng thi [A]? = [Pa(atm)/P°a(1atm)]? = [Pa]? — khong c6 thtr nguyén .
> Néu 1a dung dich 1ong , lodng thi biéu dién theo ndng do (mol/l).
Gia st A 1a dd long, lodng thi [A]? = [Ca(mol/1)/CPA(1mol/1)]? = [Ca]® — khong c¢6 tha
nguyén .
> Néu A 1a chét rin (nguyén chét) hay 16ng (nguyén chat) hay H,O ( dung méi) thi khdng
xuat hién trong phuong trinh trén .
» Q khong c6 thir nguyén
—Trong biéu thirc Q , cac chat trong phan tng dugc xac dinh bang ndng d6 hay ap suit
tai thoi diém T dang xét.

— Néu thoi diém dang xét la tai trang thdi cdn bang héa hoc thi ta c6 : O = Koo

a) Phdn irng dong thé ciia hé khi Iy twong:
aA(kl + DbBk) = cC((k) + dD(K
AG —AG°+RTIn( pépgj _ AG? + RT InQ
T = T W = T p
AMB /.

Khi phan tng dat trang thai can bang: AGT =0

c 1Kd
> AG?:—RTln[pgpgj — —RTInK,(T)
pApB cb

c ~d
AG, = AG? + RT |n(ﬁj — AGY+RT InQp = RTLn 2 — RTLn S

PAPS ). p Ke
Néu AG?r [cal] thi R= 1,987cal/mol.K
AG? =-RT InK (T) Néu AGr [J] thi R= 8,314 J/mol.K

Hay  AGP =-2303RTIgK, (T) [ T[K] ;In=2,303.Ig
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b) Phdn irng dong thé ciia dung dich long , lodng .

aA(dd) + bB(dd) = c¢C(dd) + dD (dd)
CSCh

ar~b
A~B

AG, =AG$+RT|n( j = AG; + RT InQ,

Khi phan tGng dat trang thai can bang; AGT =0
CcCo

arb
A~B

AG? = —RT In( J = —RT InK_
cb

AG = —RT InK, +RT InQ, = RT |n§—C

C
AG? =—RT InK_(T)
AG? =-2,303RT IgK(T)
TONG QUAT

AG; =RT In

° AG? = -RT InK(T)
K(T) !
+ Nhin xét :
> Bién thién thé ding ap chuin cua phan tmg (AG%r) & nhiét d6 T c6 quan hé véi
hang s6 can bang K(T) (trong hé khi Iy tuong 1a Ky ; trong dd 16ng, lodng 1a Ke)
> Hang s6 can bang K(T) phu thudc vao ban chat phan tmg va nhiét do.
> AGOr ctia phan tng c6 gia tri cang am thi hing sd can bang K(T) c6 gia tri cang
16n tac hiéu suat phan Gmg & nhiét do T cang cao.

Vidu : O 298K, néu phan ting c6 AG%gs < -40kJ thi K ¢ > 107 tirc phan (g xem nhu
dién ra hoan toan & 298K ( phan tmg trd thanh 1 chiéu).

& Xét chiéu phdn teng theo Q va K :
< Néu Q <K — AG < 0 — phan trng xay ra theo chiéu thuin
< Néu Q> K — AG > 0 — phan ikng xdy ra theo chiéu nghich
% Néu Q=K — AG = 0 — hé dat trang thdi cin bing

Vi du: Tinh hang s can bang Kp cta phan tmg ¢ 298K :

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

HOA DPAI CUONG — GV Nguyén thi Bach Tuyét

2NOyy =  NOsy
& 298K khi bidt AH sog o = —98,040kJ va Asg%pu =-176,6J /K

Giai: AGog = AH . —TAS 0 =-58040+298x176,6= - 5412,3]

AG® 54123 )
InK =_25 _ S _ 2185 _ g - Puo. _
» T RT  8314x298 Kp=—7 =89

Pro,

2. Quan hé giira hiang so cAn bang v6i nhiét dd va nhiét phan tng

AG®(T)=AH® ~TAS® |(xem AH®va AS® khéng thay di theo T)

0 [ InK AR + AS”
AG”(T)=-RT InK T
() T RT R
0 0
INK, —— AH®  AS
J RT, R
0 0
InK, —— AH®  AS
§ RT, R .
K. AH°(1 1 Néu AHC [cal] thi R = 1,987cal/mol.K
In—% = — -
K, R (Tl sz

Z Néu AHC [J] thi R= 8,314 J/mol.K

g A (11
Hay Ky, R2303(T, T,) [TIKl.T:[K]:ln=2303lg

NHAN XET :

*Phin {rng thu nhi¢t AH° > 0 © khi nhiét d ting thi K ting (T>>T1 — K, >K,)
Khi nhi¢t do gidm thi K giam (T><T: — K <K )

+Phan ing téa nhi¢t AH° <0 : khi nhiét d§ ting thi K gidm (T>>T1 — K <K, )

Khi nhi¢t do giam thi K ting (T><T: — K >K; )

Vidu: NO(K)+%0,(K) = NOuK) Tinh K, & 325°C?
9
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Biét: AH® = -56,484kJ va K, = 1,3.10° ¢ 25°C

Inngg_AHO( 11 j
K298 R T298 T598

K5986 :_56484( 1 1 j=—1l437
1,3.10 8,314 298 598
InK,,, =2.64
Ky =14.02

V.NGUYEN LY CHUYEN DICH CAN BANG LE CHATELIER (1850 — 1936 )

Phadt biéu : Mot hé dang o trang thdi
cdn bang néu ta thay déi mét trong cdc
théng s6 trang thdi cia hé (nong do,
nhiét @, dp sudt ) thi can bang sé dich
chuyén theo chiéu cé tic dung chong
lai sy thay doi do.

Henri LeChtelier (1850-1936)

ChU Yy : Néu phdn iing ¢é An = 0 thi ap sudt chung khong anh huéng dén trang thai
can bang.

10
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CHUONG VII. PONG HOA HOC

1. CAC KHAI NIEM CO BAN

1. Khai niém vé dong héa hoc.

- Nhiét dong héa hoc cung cp cho ching ta nhing co so dé xem xét nhitng qua trinh
hoa hoc ¢ thé xay ra hay khong, xdy ra theo chiéu nao, dén giéi han nao va diéu
kién can bang cua nd... Nhiét dong hoa hoc chi khao sat qua trinh ¢ trang thai dau va
trang thai cudi chir khong quan tdm t6i dudng di cta qua trinh.

- Pong héa hoc khao sat phan ing hoa hoc dién ra nhu thé nao (nhanh hay cham va
qua nhiing giai doan trung gian nao) dé dat trang thai can bang, tirc 12 nghién ctru toc
dd va co ché cua qua trinh héa hoc.

2. Mot s6 khai niém vé phan mg héa hoc.

a. Hé so ty lwong ciia phan tng hoa hoc: 13 nhimg con sb chi sé nguyén tu,
phan tir va ion cia cac chat tham gia twong tac duoc ghi trong phwong trinh
phan tng da can bang.

Vi du: trong phan Gng N2+ 3H2 = 2NH;s
Hé s ty lwong ciia N2, H2 va NH3 twong tmg 1a 1, 3, 2.

b. Phan wng don gian va phan &ng phic tap.

- Phan #ng don gian: la phan (g chi xay ra qua mét giai doan

- Phan ing phizc tap: 1a phan ¢ng xay ra qua nhiéu giai doan.

Vi du: phan tng 2N205 = 4NO2 + O3

La phan ang phic tap vi né gdm hai giai doan ndi tiép sau:

N2Os = N2O3 + O2
N20s5 + N2O3z = 4NO2
Mdi giai doan ctia phan ung phirc tap dugc goi la mot tac dung don gian. Tap
hop céac tac dung don gian xay ra trong mot phan @ng phic tap duoc goi 1a co ché cua phan
ung.
c. Phan tir s6 va bac phan &ng.

- Phan t s6: 1a s6 phan tir tham gia vao mot tac dung don gian.
Nguoi ta phan biét phan ang don phan tir, lwong phan tu, tam phdn
tur ..

- Bdc phan #Ng : bang tong sé mii ctia ndng do cac chat phan ung ghi
trong biéu thtrc dinh luat tac dung khéi luong. Néu tong cac sé mii d6
la 1, 2,3 ... thi phan &tng duoc goi la phan #ng bdc mét, bdac hai, bdc
ba ...

Péi vai cac phan ang don gian, bac phan tng = phan tir s6. Trong cac phan tng
phtrc tap, bac caa phan ung duoc xéac dinh boi giai doan ndo l1a cham nhét nén bac
ctia phan &ng khong tring véi phan ti so.

1
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HOA PAI CUONG — GV Nguyén thi Bach Tuyét

d. Phan ing dong thé va phan tng di thé.
- Phdn ing dong thé : 1a phan tmg c6 cac chit dau va san pham cudi
nam trong cling mot pha.
- Phan ing d; thé : 12 phan ang dién ra trong hé di thé.

e. Toéc dj phin dmg: 1a s6 tac dung don gian cua phan ng héa hoc dién ra
trong mét don vi thoi gian va mot don vi thé tich (d6i véi phan ng dong the)
hoac trén mot don vi dién tich tiép xdc bé mat phan chia cac pha (doi vai

phan tng di thé)
F O < .- AC
-Toc dg trung binh: v i?t
- Téc dp tic thoi : v=i‘ij_(t7

dday: néuClanong do cua chat phan ing thi lay dau —
néu C la nong do cua chat san pham thi lay dau +
Tbc d6 cua phan ung khong nhiing phu thudc vao ban chat cua phan tng, ma con
phu thudc vao céac yeu t6 khac nhu : ndng do cac chat tham gia phan ng, ap suat (ddi voi
cac phan ung c6 chat khi tham gia), nhiét do, xdc tac, tap chat, kich thuéc hat (d6i véi cac
phan wng cé chat ran tham gia), moi truong (d6i voi cac phan &ng trong dung dich)...

II. CAC YEU TO ANH HUONG TOI TOC PQ PHAN UNG
1. Anh hwéng ciia nong do chat phan tng téi toc dd phan ing.

a. Pinh luit tic dung khoi hrong.

- Pong hoéa hoc quan niém rang: mudn cho phan tng xay ra thi cac phéan tir cia céc
chat phan Gmg phai va cham v&i nhau. S6 va cham cang 16n thi tdc d6 phan tGng cang
16n. Mit khac, sé va cham cang 16n khi s6 phan tir cang nhiéu, ¢ nghia 1a nong do
cac chat phan ng cang 16n. Nhu vay, téc d6 phan tng ty 18 thuan voi nong do céc
chat tham gia phan tmg.

- Nim 1864, Gulberg va Waage (nguoi Na — uy) dua ra dinh ludt tdc dung khéi heong:
“Trong hé dong thé, & nhiét dp khéong doi, toc do phan vmg ty 1é voi tich s6 nong dé
cdc chdt phdn g véi s6 mii bang hé sé hop thirc cia ching trong phiwong trinh
phan img.” Pinh luat nay chi 4p dung mot cach chinh xac dbi voi cac phan ing dong
thé don gian.

- Pbi véi phan ung phirc tap, dinh luat tic dung khdi lugng c6 thé phat biéu nhu sau:

Doz Vv6i phdn g mot chiéu ¢ nhiét do xdc dinh c6 bdc phan irng dong hoc xac dinh,
toc do tire thoi cua phan wng ty 1¢ voi tich $6 nong do tai thoi diém do cia cdc chat cé
danh hwong dén toc dé véi sé6 mii Xac dinh nao do.

Vi du: Di voi phan g tong quat: aA+bB=cC+dD

Biéu thtc toan hoc cta dinh luét tac dung khdi lugng c6 dang: v =kCICT
O day:v - toe do tire thoi cia phan ting & thoi diém xac dinh

Ca, Cs — ndng d6 tirc thoi ctia cac chit A va B ¢ thoi diém do6.

2
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k - héng s6 tdc do, phu thudc vao ban chét cua phan rng va nhiét do.
n,m - s mi. Dbi v6i phan tng don gian: n=a, m=b.

Déi vai phan wng phic tap: n = a, m = b.

n + m = bac phan ung.

b. Hiang s6 téc dd k.
v=kC,C{
Khi Ca=Cg=1mol/l, v=Kk
- Y nghia vdt Iy cia hang sé toc dé: hang sé toc do 1a tbe do riéng cua phan tng khi
nong do cac chat tham gia phan tng bang nhau va bang 1mol/l.
= s”

- Biéu thic tinh: k=ae R trong d6 a=ZeR
E" s
Vay: k=Ze RlegR

& day: Z - hé sd, ty 1& vai tong sé va cham cua cac tiéu phan trong mot don vi thoi
gian va mot don vi thé tich.

E* - nang lugng hoat hda cua phan tng.

S” - entropi hoat hdéa cua phan tng.
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HOA PAI CUONG — GV Nguyén thi Bach Tuyét

Ning lwgng hoat héa E”.
Vao giita thé ky 19, nha bac hoc ngudi Thuy Dién Svante Arrhenius (1859 —
1927, giai thuang Nobel vé& héa hoc nam 1903) d4 dua ra gia thuyét rang:
- Khéng phai moi va cham cuia c4c tiéu phan phan ang déu ¢ thé tao thanh san pham.
- V6i mét phan tng nhét dinh, cac va cham chi ¢é hiéu qua khi nang luong cua cac
tiéu phan va cham phai 16n hon ning luong trung binh ctia hé mot gia tri du ti thiéu
nhat dinh E* nao do.
n A

han va cham c6 dong nang lon

AV
0 E  E+E" E

Gia st c6 phan ung: Ak *+ Ba) = ABk) + B
Khi A tién lai gan B2, khoang cach gitra A va Bz giam dan trong khi khoang céch giira céc
nguyén tir B tang dan:

A.B-B—-A.B.B—>-A-B..B

Nang luong du cua c4c tiéu phan va cham dung dé 1am suy yéu lién két B — B va du
dé tao ra A ... B ... B, goi 1a phirc chat hoat déng. Nang luong téi thiéu ma cac tiéu phan
tham gia va cham phai c6 dé dat dugc phtc hoat dong goi 1a nang liong hoat hoa cuia phan
ng. Con céc tiéu phan co nang lugng du dugc goi la cac tiéu phan hoat déng.

Ning legng hoat héa cua phan ang cang nho thi cang c6 nhiéu tiéu phan tré thanh
hoat dong, do d6 téc do cua phan tng cang lon.

c. Entropi hoat héa S".

Khong chi c6 nang luong hoat hda c6 anh huong dén téc do cua phan tng. Két qua
nghién citu cho thay kich thudc, hinh dang va nhat 12 vi tri khong gian khi va cham cia cac
tiéu phan hoat dong ciing déng vai trd quan trong.

Xéc sut dinh hudng co hiéu qua khi va cham duoc dic trung boi dai luong entropi hoat
héa S*

s6 dinh huéng c6 hiéu qua
S*=RIn
tong s6 cach dinh huéng cé thé
S"=RInW
ViIW<1nénS <0

2. Anh hwéng ciaa nhigt dg t6i toc dé phan dng.
a. Quy tic kinh nghlem cia Van’t Hoff (1852 — 1911), nha hoa hoc nguoi Ha
Lan): Khi tang nhiét dé thém 10°, toc dg phan ing tang 1én tir 2 téi 4 lan.

:kT—"m:2+4
.

y - hé sé nhiét do.

3 L X 5 , k
k - hang so toc dg.  Tong quat: y" =0

5
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HOA PAI CUONG — GV Nguyén thi Bach Tuyét
b. Giai thich sy phu thudc cia toc dd phan wng vio nhiét dd.

- Khi nhiét @6 tang, chuyén dong nhiét cua cac tiéu phan ting, sé va cham giita ching
tang 1&n 1am cho toc do phan wng tang 1én. Tuy nhién khi nhiét d¢ tang, sé va cham
tang khdng dang ké.
Vi du: khi nhiét d¢ tang tir 27°C 1&n 37°C ta c6 thé chieng minh rang dé ting téc d6 khéng
thé do c6 thém nhiéu va cham giira cac tiéu phan.

+ Nhiét ¢6 Kenvin chi tang 3,3%

+ Pong nang trung binh cia cac tiéu phan ty 1& vaéi nhiét do nén dong nang trung
binh cua céc tiéu phan ciing s& ting 3,3%.

+ Pong ning (E = Y2 mv?) s& tang 3,3% khi toc do trung binh cua ching tang 1.8%
(1.82~3.3)

+ Tan sd va cham giira cac tiéu phan ty 18 thuan véi toc do phan tng nén khi ting
nhiét do 1&n 10° tan sé va cham chi 1am tang 1,8% tdc d6 phan tng.

- Khi nhiét do tang sb tiéu phdn tré thanh hoat déng tang.

Lower temperature
0.8

FaN
/ \ Higher temperature

i “ Minimum kinetic energy
L ; \

=
i

=
W

Relative number of molecules
with a given energy

e
ta

o
sy

266 kT /mol

Theo dinh luat Boltzmann

Trongdd N -6 tiéu phan hoat dong

No — s6 Avogadro — so phan tir o trong 1 mol chat. ’
Khi nhiét d6 tang, so tieu phan hoat dong tang rat nhanh, nén toc do phan tng tang rat
nhanh.

3. Anh huéng ciia xic tac t6i toc do phan ing.
a. Khai ni¢m vé xuc tac va qua trinh xuc tac.

- Xuc tac 1a sy lam thay d6i téc do cua cac phan tng hda hoc hoic gay nén phan tng
néu v& mat nguyén tic phan ung c6 thé Xay ra (AG < 0) duoc thyc hién boi mot s6
chat ma sau phan &ng s& con nguyén ven vé khéi lrong va tinh chat hoa hoc.

- Chat xiic tac 1a nhitng chat gay ra su xdc tac.

- Céc chat lam tang téc d6 phan ung duoc goi 1a chdt xtc tac. CAc chat 1am giam téc
d6 phan tng goi la chdt itc ché.

- Hé xuc tac duoc chia thanh xUc tac déng thé va xUc tac di thé.
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+ Trong cac hé xUc tac dong thé, chat x(c tac va chat phan ¢ng ¢ ciing mét pha (long
hay khi), phan :ng xay ra trong toan bo thé tich hé phan ung.

+ Trong cac hé xUc tac d;i thé, chat xic tac va chat phan tng ¢ cac pha khéc nhau
(thdng thuong chat xdc tac & pha ran, con chat phan ¢ng ¢ pha long hay khi), phan
g chi xay ra trén bé mat cua chat x(c tac.

Céc dic diém chung cua cac qua trinh xdc tac:

+ Chat xUc tac khong 1am thay doi cac dic trung nhiét dong cua hé phan ang. Néu
mot phan tng 1a khong thé vé mat nhiét dong thi viéc dung chét xdc tac khong thé
lam no xay ra duoc.

+ Chat x(c tac khong lam thay di can bang cua phan @ng ma chi 1am cho can bang
nhanh dat duoc hon.

+ Sy xUc tac c6 tinh chon loc: mot chat x(c tac chi co tac dung xuc tac cho mot phan
rng hay mat loai phan wng nhat dinh; ciing mot chat nén, nhung duéi tac dung cua
cac chat xuc tac khac nhau s& thu duoc nhitng san pham khéac nhau.

Vi dy: C,H,OH —&2" ,CH.CHO

C,H,OH —%2% >C,H,

b. Co ché cia qua trinh xuc tac.
Chdt xiic tic c6 tic dung lam gidm ndng lwong hoat héa cia phan ang bang céch
thay ddi co ché cua phan tng, tir &6 1am thay doi tbc do caa phan ang.
Co ché xuc tac dang thé: Thuong duoc giai thich bang thuyét hop chat trung gian:
Phan ung A+B=AB cham
Khi c6 mat chat x(c tac K: A +K=AK nhanh
AK +B =AB + K nhanh

300

Uncatalyzed
Reaction

200 -

Catalyzed

100 Reaction

Energy (k]/mol)

_ kT
E,=115 =
2 mol

Reactants

cis —CyHg +12 1, ois —CyHa +1 frams —CyI, +1 Froducts

frans —CyHg + 121,

=100

Reaction progress ——=
Co ché xuc tac dj thé: thuong duoc giai thich bang thuyét hdp phu: su hap phu vat
ly chi la giai doan dau cua qua trinh xdc tac, cac phan tir bi hap phu dudi tac dung
cua cac lec hda hoc trén bé miat chét xdc tac trd nén hoat dong. VAay chat xdc tac lam
tang hoat tinh ctia cac phan tir, do d6 l1am tang toc d6 cua phan ¢ng.
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CHUONG 8: DUNG DICH LONG

l. KHAI NIEM VE DUNG DICH
1. Khai niém vé hé phén tin va dung dich
- H¢ phdn tan:

+ Pinh nghia: 13 hé gom hai hay nhiéu chat trong d6 mot chét & dang
cac hat rdt nho duoc phan bd vao trong chit kia. Chit dugc phan bd - chdt
phan tan, chét trong d6 c6 chat phan tan - méi truwong phan tan.

+ Tinh chit ciia h¢ phan tan phu thudc vao kich thudc cia chat phan
tan. Chat phan tan c6 kich thudc hat cang 16n thi chiing cang dé lang xudng va
hé cang kém bén.

+ Phén loai: theo kich thudc hat d cia chat phan tan :

® He phan tan tho (he lo lung): d >100um (co thé nhin thay
bang mat thudng hay kinh hién vi thudng). Hé khong bén.
Chat phén tan - chat ran: hé lo limg duoc goi 1a huyén phu.
- chit 16ng - nhil twong.
e Hé phdn tan cao (hé keo): 1um < d < 100um (chi ¢ thé nhin
thdy dudi kinh siéu hién vi). Hé nay kha bén.
e [1¢ phan tan phan tir - ion (dung dich thyc): d < Lum (Kich
thudce phan tr). HE nay rat bén
- Dung djch: h¢ dong thé (khi, long hay rin) gdm hai hay nhiéu chit ma thanh
phan cta chung bién ddi trong mot pham vi trong d6i rong. Trong d6 chat
phan bb - chdt tan, moi trudng phan tan - dung moi.
- Ty thudc vao trang thai tap hop, cac dung dich ¢ thé 1 ran, 16ng hay khi.
2. Khai niém vé do tan S.
- Dj tan cia mot chat 12 ndng d6 cta chit d6 tan nhiéu nhét trong dung dich
b&o hda ¢ nhitng dicu kién xac dinh.
- Po tan thuong duoc biéu bién bang s g (rdn) hodc s6 ml (khi) chét tan trong
100g dung moi

S > 10 - chat dé tan
S <1 - chét khé tan ®
S < 1073 - chét khong tan
- B¢ tan phu thugc vao:
+ Bén chit ciia dung méi va chit tan:
chat tan twong tu tan t6t trong dung méi twong
tu.

Solubility (g of salt in 100 g H,0)
4]
(=]

+ Nhiét d¢:

Ce,y(S0,)4

e Hoa tan chit khi trong chit
léng AHht < 0 e TT—> Sl Temperature (°C)
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e Hoa tan chit rin trong chit léng: da s6 cac hop chat ion c6
AHp>0 — Tt— ST
e Hoa tan chit léng trong chit long: tuy thudc vao luc tuong
tac gifta cac phan tir ciia hai chat 16ng ma c6 thé xdy ra ba
truong hop: hoa tan vo han, hoa tan ¢ han (phd bién nhat)
va hau nhu khong hoa tan vao nhau. Vi qua trinh hoa tan
twong hd thuong kém theo hiéu ing thu nhiét nén khi ting
nhiét d, do tan twong hd thuong ting.
+ Ap suat:
e Hoa tan chit khi trong chit Iéng: khi 1P: S1
o Hoa tan chit Iong va chit rin trong chdt léng: hau nhu
khong chiu anh hudng cua ap suat.
+ Trang thai tap hop ciia chat
+ Sw ¢6 mit cia chit la...
3. Qua trinh hoa tan.
a. Qud trinh hoa tan va cén bang hoa tan.
Su hoa tan bao gdm hai qua trinh:
- Qud trinh vt ly: qua trinh pha v cAu trac cua chat tan, dic biét 1a cta chat
ran, dé tao thanh cac nguyen tu, phan tr hay ion.
— Néu chat tan 1a chat rin : AHep > 0
— Néu chét tan 1a chét khi: AHep < 0.
- Qué trinh solvat héa : qua trinh twong tac cta cac hat chat tan voi cac phan
tir dung moi, néu dung moéi 1a nude goi qua trinh hydrat hoa.
—> AHsoI <O . ASsol < 0
Qua trinh hoa tan 1a mot qua trinh can bang:

Hoa tan
Tinh thé chdt A’ «——  Dung dich chit A
Két tinh
T,AG =0 dd bdo hoa Ca= Cph = S(d0 tan)
AG<0 dd chua bao hoa Ca< Cpn
AG>0 dd qua bédo hoa Ca> Con

AG = RTIN(Ca/Cbh )
b. Sw thay déi cdc tinh chét nhiét dong khi tgo thanh dd
- Qua trinh hoa tan s& ty dién ra khi: AGnt = ZAGgp - TAGa < 0
AGnt = AHnt - TASht
AHne = AHcp + AH 5ol

Chét khi tan trong chit 10ng <0 <0—> AHwr <0

Chat ran tan trong chat long >0 <0—> AHn<0/AHr>0
ASht = AScp + AS sol

Chét khi tan trong chit 10ng <0 <0->ASk<0

Chét ran tan trong chat 1ong >0 <0-> ASw>0; (| AScd > AS ol )
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4. Dung dich ly twong: dung dich ¢6 AHp =0 va AV =0

5. Nong d¢ dung dich ) ’
a. Nong do phan tram C%' sO g chat tan trong 100g dung dich:

Z m,
b. Néng d phin tir gam (néng d¢ mol) Cy (mol/l; M): s6 mol chat

tan trong 1 lit dung dich: C, = nV2 (V tinh bing lit)

C%= x100%

c. Néng dp molan Cr, (M): s6 mol chét tan trong 1000g dung mdi
_n, x1000

m,

nguyén chat: C (mz tinh bang gam)

m

d. Néng dé phan mol N: ty sb giﬁa sO mol chat tan va tong s6 mol cia

chat tan va dung méi: N, Z - >N =1
n,

Il. DUNG DICH RAT LOANG CHAT TAN KHONG PIEN LY,
KHONG BAY HOI VA CAC TINH CHAT
Khi tao thanh dung dich rat loang: AH ~ 0, AV = 0. Trong dung dich, cac
hat chat tan & cach xa nhau, twong tac giita ching khong dang ké va dung
moi thuc té khong bién doi tinh chat — dung dich réat lodng = dung dich ly
tuong.
1.Ap suat hoi bio hoa:
Trong tu nhién gitra pha 16ng va khi bao gio cling c6 qué trinh thuén nghich:
Bay hoi, AH>0
Long > Hoi (p)
) Ngung ty, AH<O0
Khi qua trinh dat trang thai can bang (AGph = 0), &p suat hoi — dp sudt hoi
bdo hoa cta chat 1ong — dic trung cho sy bay hoi cia chét long.

S~p o 3 chdton i dp sudt i dung dich
SN o~ N hung cliandng d{ cht fon i p st bl dung d

p1~ N1

pr=kN:  k-hésdtylé.
Trong dung moi nguyén chat:

N1:No:1—>k:p0

— p1:p0N

‘kndng bay hoi
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Dinh ludt Raoult I (F. Raoult, 1830 — 1901, giao su hoa hoc nguoi Phap, dua
ra nam 1886): dp sudt hoi bdo hoa ciia dung dich bang dp sudt hoi bdo hoa
ciia dung méi nguyén chat nhdn véi nong do phan mol cia dung méi trong
dung dich

Thay: Ni=1-N2

Ta duoc: p1 = po(1 — N2) = po — poN2

N N, = (PP A
M

Cach phat biéu khéc cua dinh luat Raoult I: Dg giam twong doi dp sudt hoi
bédo hoa ciia dung dich bang nong dé phan mol ciia chat tan trong dung dich.
2.Nhiét do s6i va nhiét do két tinh

a.Dinh ludt Raoult 11:

Vi d6 gidm 4p sudt hdi bio hoa clia dung dich loang ty 1& véi ndng do cla
chat tan trong dung dich nén: “d¢ tiang nhiét do soi va do giam nhiét do
dong ddc ciia dung dich rdt lodng tg 1¢ véi nong do molan ciia dung dich” .

S sTm

ATi = kiCii

AT, va AT — d0 ting nhiét do sb6i va do giam nhiét d6 dong dic
ks va ki — hiing s6 nghiém sdi va hing s6 nghiém dong, chi phu thudc vao
ban chit dung moi, khong phu thudc ban chat chét tan.
Cm — ndng dd molan cta dung dich.
Hing s6 nghiém s6i va hiing s6 nghiém dong cia mdt sd dung moi:

Dung mdi Ks Kkt

Nuéc (H20) 0.516 1.86

Benzen (CsHpe) 2.67 5.12

Axit axetic (CH;COOH) 3.1 3.9

Nitro benzen (C¢Hs) 5.27 6.9

el Iu‘!lo‘% ___—Pure solvent
b.Nhiét d¢ séi cua dd: \
- Nhigt @ s6i ciia chdt long 1a nhiét 4 tai dé o |4\
ap suat hoi bdo hoa cua n6 bang ap suat moi g =
truong xung quanh. U N
= Ta > T Freazing ot Freecing baRE ™™ Boiig point  B3lig ol

of solution = of water of water of solution

- Dung dich cé néng do chit tan cang cao sé séi & nhigt dp cang cao.
N‘hlf_:t do SO] ctia dung dich 13 nhiét d6 bat dau soi. ’VI khi dung dich soi thi
nong do chat tan trong dung dich cang tang, ap suat hoi bao hoa cang giam
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xubng nén nhiét 6 sbi cua dung dich cang ting. Khi nong do chat tan dat
dén nong do6 bao hoa thi nhiét do so6i cuia dung dich la hang so.

C. Nhiét d két tinh ciia dd:
- Chat long ket tinh ¢ nhiét dg, tai d6 ap suat hoi
cua pha long bang ap suat hoi ctia pha ran.

- Tea <Tam
- Dung dich cé néng dé chit tan cang I6n sé két tinh ¢ nhiét dp cang thap.
- Nhiét d6 két tinh cua dung dich 1a nhiét d6 bat dau két tinh. Vi khi dung
moi cang két tinh thi nong d6 chét tan trong dung dich cang ting, p suét hoi
bio hoa cang giam xudng nén nhiét 6 két tinh cua dung dich cang thap. Khi
néng d6 chat tan dat dén néng do bao hoa thi nhiét do dong dac cua dung
dich 13 hang s6.

3.Ap suit thim thau ©
a. Sw tham thau va ap sudt tham thdu

Osmotic  Applied pressure needed to
pressure prevent volume increase\

of solvent

Semlpermeable
membrane
Solute
molecules
olvent
molecules

Hi¢n tugng thdm thdu- su di chuyén dung méi vao dd qua mang ban
thdm .

Luc tdc dung 1én 1cm? mang ban thim dé ngin khong cho dung moi
di qua n6, nghia 12 ngian khong cho hién tugng thim thau x3y ra, dudc goi
12 dp sudt thdm théau.

b. Dinh ludt Van’t Hoff:
Van’t Hoff: d6i v6i dd rat lodng, 4p suét thim thdu khong phu thudc
vao ban chat clia chi't tan ma chi ty 1€ véi néng do cda dd va nhiét do.

7 =Cy,RT
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trong d6: 7 - dp sudt thAim thau
Cwm — ndng d6 mol ctia dung dich

Khi thay C,, = 3 , n — s& mol chat tan trong thé tich V, ta ¢6: ©V = nRT

Van’t Hoff (1887): Ap sudt thdm théu ciia dung dich loing bing dp sudt
gady ra béi chdt tan néu nhu 6 trang thdi khi va ¢ cing nhiét do né chiém
cung mot thé tich nhu dung dich.

VIIl. DUNG DICH CHAT PIEN LY )
1. Tinh chat bat thwong cia cac dung dich axit, baz va muoi.
a. Khong tudn theo cdac dinh luat Raoult va Van’t Hoff.
- Cédc dai lugng &, Ap, ATs, AT cla cac dung dich axit, baz va mudi xac
dinh bing thyc nghiém luén luén 16n hon so véi tinh todn 1y thuyét.
My AT 7
Ap AT 7«

- Van’t Hoff: d6i véi cac dung dich axit, baz va mudi: phai b8 xung thém

hé s6 i vao cong thirc cua dinh luat Raoult va Van’t Hoff:
Ap'=iAp =ip,N,
AT'=iAT =ikC,,
n'=izr =IRTC,,

Ap, AT, n - tinh theo cdc dinh ludt Raoult va Van’t Hoff

Ap’, AT, ’ - do dudc bing thuc nghiém.

i - heé s6 dang truong hay hé s& Van’t Hoff.

b. Dung dich dién ly co tinh dan dién.
Nué6c nguyén chit khong din dién.
Cdc dung dich nu6c cia cdc axit, baz va mudi din dugc dién.
2. Sy dién ly va thuyet dién ly.
a) Sw dién ly.

Céc tinh chat bat thudng dugc Arrhenius gidi thich:

- Sy ting s& hat chit tan 1a do cdc phan tf chit tan da phan ly thanh
hai hay nhiéu hat bé hon.

- Tinh din dién clia cdc dung dich axit, baz va mudi dugc gidi thich
l1a sy dich chuyén dén dién cuc clia cdc hat mang dién goi 1a ion. Ion mang
dién dudng di dén cuc Am (catod) dudc goi 1a cation, con ion mang dién Am
di d&én cuc duong (anod) dugc goi la anion.

b) Thuyét dién ly co dién ciia Arrhenius.
- C4c axit, baz va mudi khi tan trong nudc phan ly thanh ion.
- C4c chat trong dung dich phan ly thanh cdc ion goi 1a chdt dién ly.
Uu diém: gidi thich dudc cdc t/c bat thudng clia cdc dd dién ly.
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Nhuigc diém: khong chi y d&€n tuong tdc giita chit tan va dung mdi, thuyé&t
dién ly cia Arrhenius coi phan t& phin ly thanh ion tu do.
¢) Thuyét dién ly hién dai ciia Kablukov.

-Trong dd nuGc khong c6 ion tu do, chi c6 cac ion bi hydrat héa va
su hydrat héa 1a nguyén nhan chinh ctia sy phin ly phdn t& thanh ion.

Khi bé mdt hop cha't ion vio nudc, nhitng ion trén bé mit tinh thé
1am cho nhitng phin t& nudc xoay huéng sao cho cdc diu cda ludng cuc
nuSc & gin nhitng ion trai ddu. K&t qua 13 c6 cdc phan tif nudc bao quanh
cdc ion. Do d6 luc tuong tdc gifta cdc ion bi suy y€u di dén mic ning lugng
chuyén dong phin t¥ & trong dung dich ciing dd lam cho cdc ion tich rdi
nhau va di vao dung dich. b6 1a hién tugng dién ly.

- Khi chét tan 1a phan tir cong hoa tri phan cuc manh, vi du HCI, giai
doan trudc cta sy phéan ly 1a dudi tic dung cta phan tir nudc, kién tric c6 cuc
dugc chuyén thanh kién triic ion. D6 13 hién twong ion héa.

- Trong truong hop truong hop phan tir dung moi it phan cyc, su xoay
hudng cia cac ludng cuc xung quanh ion xay ra voi mic do kém hon. Do do
luc twong tac giita cac ion khong bi suy yéu nhiéu nén ning luong chuyén
dong cua cac phan ti trong dung dich khong du lam cho céc ion tach ro1 nhau.
Béi vay su ion hoa khong xay ra. Trong cac dung mdi thuong dung, co tac
dung ion hoéa 16n nhat 1a nudce, kém nhat 1a benzen.

-Néu trong phan tir chét tan c6 nhiéu kiéu lién két hoa hoc khac nhau
thi sy phan ly s& xay ra trude hét o lién két ion, rdi dén lién két cong hoa tri
phan cuc manh va khong xay ra & lién két cong hoa tri phan cuc yéu hoic
khong phan cuec.

Vi du: NaHSO4 <« Na* + HSO4

NaHSOs <> H* + SO4*

d) Do dién ly o dic trung cho kha ning phan ly cta cac chat dién ly trong
dung dich.
- Cin bang di¢n ly:
Qué trinh ion hoa -

AmBn < —  mMA™+nB™
Quaé trinh phan tir hoa

S6 phan tir da phén ly thanh ion

o =

Tong s6 phén tir d& hoa tan trong dung dich
oo = 0 khi sy phan ly hoan toan khong xay ra: dung dich phan tir
o = 1 khi su phan ly xay ra hoan toan.
- Phan logi:
+ Chat dién ly manh: o. = 1 (HCI, HNOs, NaOH, Ca(OH), KCl...)
+ Chat dién ly yéu: o < 1 (HCN, H,CO3, CHsCOOH, NH4OH...)
- D9 phdn ly phu thugc vao:
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+ Ban chit chat tan va dung méi.

+ Nong do dung dich

+ Nhiét do (it)
- Méi lién hé giira @0 phan ly o va hé s6 Van’t Hoff i: o = I;ll

q —

Suphanly: AmBn S mMA™+ nB™

Ban dau No

Phan ly Noct mnool NNoot

Canbang  no(l-a) mnoat NNoat
> sohatcotrong dd la:  no(l-a) + mnoar + Nnoat = No(1-at) + noo(mM+ n)
q - s6 ion do mot ptir dly ra = no(1-a) + noatq

= no(1-a + noQ)

i=Z_RTC n—°=n°(1_a+n°q)=1—a+noq
7 RTC,, n, N,

o= '—11 & dién ly bibu kidn
q_

- Quy wéc theo dé dién ly biéu kién: trong dung dich nwée 0.1N, 25°C
+ Chat dién ly manh: c¢6 o > 30%
+ Chat dién ly yéu: c¢6 o < 3%
+ Chat dién ly trung | binh: c6 3%<a< 30%

3. Can bang trong dung dich chat dién ly yeu
AB S A"+ B

Ban dau Co
Dién ly Coat Coo  Coal
Canbang Co(1-a) Coa  Coa
. . . C,.C_ 2
Hang so can bang dién ly: K=—2—F= Cox
Cs l-a

Khi o << 1thi (1- o)~ 1,do dé: a=~ /Cﬁ

0
Khi pha loang Co giam, a tang.
4. Trang thai cia chit dién ly manh trong dung dich.
- Suy lugn: Chét dién ly manh l1a chét dién ly hoan toan. Chirng minh:

+ Bang cac phuong phap nghién ctru quang phé va quang hoc hién dai
ngudi ta khang dinh rang trong dung dich chat dién ly manh khong c6 phan tir
trung hoa dién.

Do d6 dbi véi dung dich céc chét dién ly manh:

+oa=1

+ hé sb Van’t Hoff i 1a cac s nguyén

+ khi pha lodng d6 dan dién khong thay d6i vi sb ion trong dung dich
1a khong thay doi.
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- Thuc 1é:

+a<l1

+ hé sb Van’t Hoff i khong phai 1a sb nguyén

+ khi pha lodng d6 dan dién ting lén.

— Céc tinh chat cta dd chat dly manh gidng nhu cia dd chat dly yéu.
- Ly thuyét chit dién ly manh:

+ Trong dd cac chét dién ly manh nong do cac ion rat 1én — cac ion &
gan nhau — xudt hién liec hiit twong ho gitta cdc ion — mdi ion trong dd dugc
bao quanh boi cac ion trai ddu (bau khi quyén ion), con xa hon la cac ion cung
dau. Nhu vay trong dd ion dugce phan bd gan gidng trong tinh thé — ion
chuyén dong khong hoan toan ty do. Khi pha lodng, khoang cach gitta cac ion
tang, luc hut tuong hd giam, do dan dién tang.

+ Trong dd chét dién ly manh c6 thé xay ra sir lién hiép ion, vi du

NaCl,, Na,Cl" ..., khi pha loang cac lién hiép ion nay lai phan ly thanh céc
ion don gian.
— 56 ion trong dung dich nho hon s tinh theo su dién ly hoan toan cta chat
tan va d¢ dién ly trén thuc té thé hién duoc goi la do diéen ly biéu kién.
— dung khai niém hoat dé a thay cho khai niém ndng do:

a=fC

f - hé s hoat do, dic trung cho sy khac bié¢t vé tinh chét cua cac dung
dich thuc so vdi dung dich 1y tudng.

Déi véi ion i: ai = fiCi

Doi voi chat dién ly AmBn @, 5 =, C, g

fog =™0/f7 £ -hé s6 hoat do ciia chit AmBn

Hoat d6 va hé s hoat do cua cac chét dién ly co thé xac dinh thuc
nghiém bang cac phuong phap ‘nghiém dong, nghiém s61, do do dan dién, stc
dién dong... nhung cling co thé tinh gan diing dwa trén cac phuong trinh cua
Debye va Huckel biéu dién su phu thudc cua hé s6 hoat d6 vao luc ion cla
dung dich chét dién ly manh:

AT
lgf; =
1++/1
Z n+ m-—
g f, o = A‘ w g
1+ \/_
trong do: A - hang s0, phu thudc vao ban chat dung moéi va nhiét do
Z - dién tich ion
| - lyc ion cua dung dich: 1 =4 C,z]

(téng duoc 1y dbi vai tat ca cac ion trong dung dich)
Dbi voi dung dich nuée va ¢ 25°C: A=05

Khi I 0,01 phuong trinh trén c¢6 dang don gian nhu sau:

g f, =-0,522/1
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g f, 5 =-052,.2,, VI
5. Can bang trong dd chat dién ly khé tan va tich so tan.
a. Can bang di thé ciia chat dly kho tan va tich s tan.
AgCl,) <> Aggyy +Clyy

Hang so can bang: K=C,.Cq =Tag - tich sO tan cua AgCl
Téng quat: v6i chat ran it tan AmBn: AnBy ) <> MAG) +NB(,)
Tich s6 tan: Ths =Cu.Clo

Tich so tan ciia mét hop chit it tan la tich s6 nong dp ciia cdc ion
trong dung dich bdo hoa va la héng sé ¢ nhiét dp xdc dinh.
Tich s6 tan ctia mot chat phu thudc vao ban chét ctia dung méi va T
M&i lién hé gitra tich sb tan va cac dai luong nhiét dong:
AG® =—RTInT, , =AH"-TAS®

b. Tich so tan va dé tan ciia chat dién ly kho tan.
ALB ) <> MAG) +NB(,)

Sudiénly S mS nS
Tich s6 tan: Tyg =Ch.Cl. =(mS)"(ns)" = m™n"s ™)

ST (m+n TAmBn
\7mmnn

Nhdn xét: Trong nhiing diéu kién nhu nhau, chat c¢6 T cang nho cang it tan.
c. Anh hwéng ciia céc ion trong dd dén S ciia chat dién ly.

- Anh hwéng ciia ion cing logi: Khi c6 mit ion cung loai v6i cac ion cua

chat dién ly, can bang dién ly s& dich chuyén theo chiéu nghich 1am giam do

tan cua chat dién ly.

- Anh hwéng ciia ion khdc loai: Vi chat dién ly kho tan 13 cac chit dién ly

manh (dién ly hoan toan) nén tich sé tan phai duoc tinh theo hoat do:

Tpp =ay.ar, =Ch fo.Co fl =(mS)"(nS)" f 4™ =mmn"gm™ f i

ANt Bm— ANt T ANt BM™ Bm—

T
S — (m+n) L
mn f (m+n)

Khi c6 mit ion la, luc ion ting, dan dén giam hé s6 hoat do va do d6 s& 1am
tang d9 tan ciia chat dién ly kho tan.

d. Piéu kién hoa tan va két tiia ciia chat dly kho tan.
Chat dién ly s& két tua khi: CJ,.Cl, >T,

An+ Bm—

Chat dién ly s& tan hét khi: ChCl <Typ

B~

AnBn
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Chuong 9 PIEN HOA

Di¢n hoa hoc nghién ciu sw chuyén héa twong h0~glu’a hoa nang va dién nang, nghia la
nghién ciru moi lién hé qua lai gitta phan ung hoa hoc va dong dién.

Viec nghzen cieu sw chuyén héa tirong ho gnfa hai dang nang lwong nay cho phép hiéu
dwoc sdu sac nhitng qud trinh hoa hoc xdy ra co kém theo sy thay d6i s6 oxy héa cia cdc
nguyen t6. Ly thuyét dién héa hoc cho phép ching ta xdc dinh dwoc chiéu hudng va mire dé
dién ra ciia cac phan g oxy héa - khir va céng cé ich ma ching co thé san sinh ra duwoc.

Ap dung dién héa hoc vao ky thudt cho phép tao ra cic nguon dién khdc nhau (pin,
acquy), cac ky thudt dién phan khdc nhau (ché tao va tinh ché kim logi, ma dién, diic
dién...), thiét bi nghién ciru khoa hoc (mdy pH, mdy danh béng dién phan...)

I. PHAN UNG OXY HOA - KHU
1. Pinh nghia — ban chit clia phdn ng oxyho4 -kht 13 su trao d6i electron gifta cic
chit trong qué trinh phan ng, do d6 1am thay ddi s6 oxyho4 ciia cidc nguyén to tham gia
phan @ng.
Vidu - Cu?* (dd) + Zn (r) 2 Cu(r) + Zn*(dd)
[chdt oxyhod] [chdlt khit]

v' Chdt oxyhod (chdt bi khit ) — 1a chdt c6 kha ning nhan electron trong phan dng.

v' Chét khit (chdt bi oxyhod)- 1a chat c6 kha ning cho electron trong phén ng.

v Qud trinh khit — 1a qua trinh dang oxyhod nhén electron — dang khi¥ lién hgp :

Cu**+2e 2 Cu hay ox1 + 2e 2 khi
trong d6 — Cu”** / Cu 1a cip oxyhod -khit lién hdp thit nha't (oxi/khy).

Cu’* 1a dang oxyhod va Cu — 1a dang khit cia ciip oxyhod- khit lién hgp thit nhat.
Trong mot cip oxyhod khit lién hgp, dang oxyhod bao gio ciing cé sé oxyhod duong
hon dang khit mot gid tri bang s electron trao doi.

v’ Qud trinh oxyhod - 1a qué trinh dang khit cho electron — dang oxyhod lién hdp :

Zn-2e 2 Zn** hay  kha + 2e 2 ox:
trong d6 — Zn** / Zn 1a ciip oxyhod -khtt lién hdp thit hai (ox2 /khy).
Tong quat: oxi + khy 2  khi + ox

2. Cac loai phan iing oxyhoa khit
* Phdn iing giita chdt oxyhod khdc chat khit
* Phan wing oxyhod khit ngi phin tii ©: AgNOsz 2 Ag+ NO +O»
* Phdan ting tu oxyhod khit (phan ving di phdn ): Cl, + H,O 2 HCIO + HCI
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3.Can bang phan ing oxy hoéa - khw
Nguyén tic chung: trong phan img oxy hoa - khu, téng sb electron ma chat khir nhuong phai
bang tong s electron ma chét oxy hoa nhan.
C6 hai phuong phéap can bang phan tng oxy héa - khir thuong dung:
* Phuong phap cén bang electron.
* Phuong phan ion — electron ( phuong phdp nita phan @ng ).

4. Cdch tién hanh phan ting oxyhod khit

a. Truc tiép — cho chit oxyhod ti€p xtc truc ti€p vdi chat khir, dién ti chuyén truc tiép tir
chat khit sang chat oxyhod. Hod ndng ciia phdn itng chuyén thanh nhiét ndng.

b. Gidn tiép — chit oxyhod khong ti€p xtc tryc ti€p vdi chat khit. Qud trinh oxyhod va qud
trinh khi¥ tuy x4y ra déng thdi nhung & hai ndi khdc nhau trong khong gian. Dién t& dudc
chuyén tir chat khir sang chit oxyhod bing diy din kim loai. Hod ndng phdn itng chuyén
thanh dién ndng.

I1. NGUYEN TO GANVANIC VA SUC PIEN PONG
1. Thé& dién cuc

Dién cuc kim logi- 13 hé thdng gdm mot thanh kim loai nhung vao dung dich mudi ciia né.
Trong hé s& dong thoi xay ra hai qua trinh :
> Céac cation kim loai tir trén thanh kim loai s& chuyén vao dung dich (do chuyén dong nhiét
va do su hydrat héa cia cac phan tir nude) dé lai céac electron trén bé mit thanh kim loai:

My —ne, > Mg
Mike dg dién ra ciia qua trinh nay phu thudc vao khd ndang nhuong electron cua kim logi.

> Cac ion kim loai ngoai dung dich chuyén dong, va cham véi bé mit thanh kim loai, nhan
electron trén thanh kim loai va két ta trén dién cyc : M2 +ne,, > M, .

Muee do dién ra cua qua trinh nay phu thuoc vao kha nang nhan electron cua ion kim loai
va nong do cua ion do trong dung dich.

_|® M"™¢6 tinh oxyhod manh —| @
_|® M™.mH,O + ne< - M(r) + mH,0 — o
—|® M co tinh khit manh —| @
—|® —| @
—|® —| ®
(Znlzn*IM) @ %Zn*1Zn) < ¢ °(Cu?*/Cu) (Cul Cu*1m)

Khi hé dat trang thai can bang, tiy thudc vao ban chat ciia kim loai va nong d6 cta ion
M™ trong dung dich lac ban d4u ma trén thanh kim loai c6 thé c6 dién tich 4am hon hodc
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duong hon so vé6i 16p dung dich ti€p xiic né . Do luc hat tinh di¢n, ion trai diu v&i bé mat
thanh kim loai sé bi hat, tao thanh mot 16p tich dién trai dau. Nhu vay, gitta thanh kim loai
va dung dich (b& mit phan chia pha) dd xut hién mot ldp dién tich kép.
Hi¢u dién tich cia lop dién tich keép dic trung cho khd nang nhuwong va nhgn electron
cua kim loai va ion kim loai trong dién cwc va dwoc goi la thé dién cuc kim loai .

Ky hi¢éu o
Theo qui uéc ciia 1.U.P.A.C, thé dién cuc la thé ciia qud trinh khit :

Qua trinh khi : M™(dd) +ne 2 Mac (r) ; AG=-nFe¢

Nhdn xét
*N&u qud trinh dién ra theo chiéu thuin nhiéu thi thanh kim loai tich dién tich duong
cang nhiéu, tic ¢ c6 gid tri cAng duong, cé nghia 14 M™ ¢é tinh oxyhod manh va M ¢é
tinh khit y&u.
*N&u qué trinh cang dién ra theo chi€u nghich thi thanh kim loai tich dién tich Am cang
nhiéu, téc @ ¢6 gid tri cing 4m, ¢6 nghia 12 M™ ¢é tinh oxyhod y&u va M ¢6 tinh khit
manh.

Tong quat ox + ne 2 kh ; AG =-nFe (quad trinh kht)

> Thé dién cuc (¢)- la dai lugng ddc trung cho kha ndng nhuong va nhdn electron ciia

cdp oxyhod- khit lién hop.

> Thé dién cuc phy thudc vao cdc yéu té nhu : bdn chdt cdp oxyhod- khit lién hop, nong

do, bdn chdt dung moi, nhiét do, pH moi truong, dnh hudng ciia phdn iing tao phiic, phan
ung tao két tia....

> Thé dién cuc cé gid tri cang duong thi dang oxyhod cé tinh oxyhod cang manh va
dang khit cé tinh khit cang yéu hodc ngugc lai.

2.C4u tao va hoat dong ciia Nguyén t6 Ganvanic (pin dién héa hoc).

Nguyén t6 Ganvanic - ld dung cu cho phép bién héa ndng ciia phan g oxy héa - khir thanh
dién nang.

* Céu tgo ciia nguyén té6 Ganvanic (Cu— Zn) gdom hai dién cuc Cu va Zn, trong d6 dién cuc
Cu nhing vao dd CuSO41M, dién cuc Zn nhiing vao dd ZnSO4+1M. Hai dién cuc nay dugc
ndi v6i nhau boi mot day dan kim loai . 0] gitra ¢6 mang ngan khong cho hai dung dich nay
tron 14n nhung van cho cdc ion di qua dudi tic dung qﬁa dién truong.

Vi Zn hoat dong hon Cu nén trén thanh Zn c6 chtra nhifu electron hon trén thanh Cu. Khi dong
mach pgoéi electron s€ chuyén tur di,én cuc Zn (c6 thé am hon - dién cuc am) sang dién cuc Cu
(c6 thé duong hon — cuc duong). K&t qua lam can bang cta céc 16p di¢n tich kép trén hai dién
cuc bi pha vo. Dé thiét 1ap lai can bﬁng ta co:
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ANOD (-) Zn _e, . Cu(+) CATOD

Tai cuc Am Tai cu'c duong cua
cla pin xay ra H |+ - : : - pin x4y ra qua trinh
qué trinh oxyho4 : Hoo |t o I Khi:
+ + ! - -
ZNgc -284c 2 Zn** (dd NN | 1+t | Cu?*(dd) +2edc 2 Cudc
Zn trén dién cuc bi + 77T b zn? IR T Pong két taa trén
I h ++  |e—

tan ra + + | - - dién cuc
Cuc 4m cua pin goi SO Cuc dudng cda pin

12 ANOD dd ZnSOs i dd CuSOq4 goila CATOD

Duéi tac dung ctia dién trudng cdc ion SO4* tif ngin catod sang anod bdo ddm sy trung hoa
di€n tich gitra hai ngan.

Thé trén hai dién cuc lai duoc khoi phuc va qua trinh chuyén electron lai xay ra. Nhu vay,
trong h¢ da sinh ra mot dong dién nho phan rng oxy hoda - khir xdy ra trén hai di¢én cuc.

- Ky hiéu nguyén t§ Ganvanic: (-)zn | Zn*(dd)| | cu?* (dd) | cu (+)
Tong qudt: () M| Me™ | [M2™ [ Mg (+)

Khi dién cuc hoic dung dich chita nhiéu thanh phin, thi ching dugc ngin cidch nhau bdi ddu phdy.
Nhdn xét

*Cuyc duong clia pin tudng (ng vdi dién cuc cé thé dién cuc dudng hon so vdi cuc Am.

*Tai cuc duong ctia pin luén xdy ra qud trinh khit (nhdn electron) nén goi la catod.

* Tai cuc am cua pin luén xdy ra qud trinh oxyhod (cho electron) nén goi la anod.

*Chieu dong dién tir cuc duong sang cuc dm nguoc véi chiéu chuyén dong ciia electron.

3.M¢t 56 loai dién cuc.
a.Di¢n cuc logi 1- hé gdbm kim loai hodc 4 kim nhing vao dung dich chifa ion clia kim loai
hodc 4 kim do6.
Thuc t&€ dién cuc kim loai thong dung va dé ché tao hon dién cuc 4 kim.
*S0 dd dién cuc kim loai: M| M™
*Phan tng dién cuc tuong Gng : M"(dd) +ne 2 M(r)
b.Di¢n cuc logi 2 — hé gdm kim loai dugc phi mdt hdp chat khé tan (mudi, oxyt hay
hydroxyt) ctia kim loai d6 va nhiing vao dung dich chita anion ctia hdp chat khé tan dé.
* Pién cuc loai 2 dudc bi€u dién nhu sau: A" MA|M
* Phan @ng dién cyc tuong ng : MA + ne 2 M + A"
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Pién cuc loai 2 ¢6 dién thé rat 6n dinh, d& 14p lai nén thudng ding 1am dién cuc so sanh.
Vidu — dién cuc Calomel: ClI''Hg:Cl[Hg, Pt ; Hg:Cl, + 2e 2 2Hg +2CI
bién cuc bac- clorua bac: CI'|AgCI|Ag ; AgCl + e2 Ag + CI
c.Dién cuc logi 3 - hé gdm kim loai ti€p xidc v6i hai mudi khé tan c6 chung anion, dugc
nhing vao dung dich chita cation clia mudi khé tan thit hai.
*Sd dd dién cyc: M'™|M'A, MA | M
Vidu — Pb | PbCO3, CaCOs| Ca** ; Ca* + PbCO; +2e 2 Pb + CaCOs
d. Di¢n cuc khi — hé gbm mot kim loai tro ti€p xic dong thdi v6i khi va dung dich chita ion
clia khi nay. Kim loai tro sit dung t6t nhat 12 Pt, né vira déng vai trd truyén din dién ti¥, vira
12 chdt xtdc tdc cho phdn tng dién cuc.
Dién cuc hydro (dung lam dién cuc so sinh) : H'[H2, Pt ; 2H" (dd) + 2e 2 Ha(k)
e.Dién cwe oxy héa - khii - hé gdbm mot dién cuc tro (Pt) nhiing vao dung dich chita dong
thdi hai dang oxyhod va kht. Dién cuc tro khong c6 kha nang tan vao dung dich, n6 chi ¢
tac dung truyén din electron do phdn tng oxyhod khit trong dung dich gy ra. Trong hé
cling xay ra hai qud trinh:
- Dang khir va cham vé1 dién cyc, nhuong electron cho dién cuc.
- Dang oxy hoa s& nhan electron tur dién cuc.
So do dién cuc: Ox | kh, Pt 0X + ne 2 kh
Vi du — dién cyc Fe**|Fe**, Pt Fe’* (dd) + e 2 Fe?*(dd)
dién cuc MnOs ,H* Mn** Pt ; MnOs+ 8H" +5e 2 Mn*" + 4H,0

4.Thé dién cuc va phuong trinh Nernst.
a. Thé dién cuc
*Thé dién cuc tiéu chudn- la dai luong ddc trung cho khd ndng nhuong va nhin electron
ciia cdp oxyhod- khit lién hop, trong dé cdc chdt phdi 6 trang thdi chudn
* Trang thdi chudn
v' Ap sudt latm, nhi¢t do thuong chon 25°C
v' Khi (gid dinh la khi ly tudng ) Pwu: = 1 atm
v' Rdn, I6ng : bén
v’ Dung dich : C= Imol/l (a= Imol/l)
v [H*] =1mol/l (au+= Imol/l)
v [OH] = 1mol/l (aou-= Imol/l)
Do khong thé do duoc gid tri tuyét doi thé hiéu dic trung cua cac di¢n cuc béng thuc
nghiém, nén phdi x4c dinh th€ dién cyc biing cdch so sanh vdi thé€ dién cuc cia dién
cuc Hydro tiéu chudn ma dudc qui uSc bing khong.
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*Di¢n cuwe hydro tiéu chudn 1a dién cyc hydro lam vi¢c ¢ di€u kién: a . =1mol/I, p, =latm.
Quy wdc: theé dién cuc cua dién cuc hydro tiéu chuan ¢ moi nhiét do ¢, =0.

*Theé dién cuwc ciia mot dién cwe bat ky la dai lwong bang thé hiéu ciia né so véi dién cuc
hydro tiéu chuan. Ddu ciia né sé tring véi diau dién tich cua dién cuc khi so véi dién cuc
Hydro tiéu chudn.

NOi cach khac, thé dién cwe ciia mét dién cwe co gid tri bang sudt dién dong ciia nguyén to
Ganvanic tao thanh tur dién cuwc do va dién cuc hydro tiéu chudn.

*Néu dién cuc lam viéc & diéu kién chudn thi thé do dugc goi la thé dién cuc tiéu chudn.
Ky hiéu : ¢° (tra § trang 509-511 sdch Hod Pai Cuong )

b. Phwong trinh Nernst.
a.0x + ne + X[MTox] 2 bkh + y[MTkn]
[ ox ['[MT,,[*
n [, ]
F =96500Culong/mol va In=2.303Ig

Phwong trinh Nernst. ¢=¢ +%In
n

[ kh
Khi thay: T=298K ; R =8.314)J/mol.K ;
vao biéu thdc trén ta c6:

a X
3 25°C ¢:¢0+0,059|g[ ox [[MT,]

Nhdn xeét

> Thé dién cuc phu thudc vao cdc yéu té nhu : bdn chdt cdp oxy hod- khit lién hop,

bdn chdt dung moi, nong do, nhiét do, pH moi truong, dnh hudng ciia phdn ving tao phitc,

phan iing tao két tia...
v' Khi nong do dang oxyhod cang Ion thi ¢ tdng, tinh oxyhod ciia dang oxyhod sé ting,
nguoc lai dang khit cé tinh khit gidm. Khi nong do dang khit cang 16n thi ¢ gidm, tinh
oxyhod cua dang oxyhod sé gidm, nguoc lai dang khit co tinh khit tdng.
v’ Néu dang oxyhod tham gia tao phiic hay tao két tiia thi ¢ giam , tinh oxyhod ciia
dang oxyhod sé giam, nguoc lai dang khit co tinh khit tdang.
v’ Néu dang khit' tham gia tao phitc hay tao két tia thi ¢ tang, tinh oxyhod clia dang
oxyhod sé tang, nguoc lai dang khit co tinh khit gidm.

> Thé dién cuc cé gid tri cang duong thi dang oxyhod cé tinh oxyhod cang manh, dang khit

co tinh khit cang yéu hodc nguoc lai.

> Y nghia ciia ¢ - khi Cox = Cxn = 1mol/l, thi p= ¢°.

> Thé dién cuc la dai lugng cuong do, su thay doi hé so ti lugng khong lam thay doi gid tri

cia .
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Chu y: theo quy udc chau My dau ctia @ phai c6 ¥ nghia nhiét dong néi 1én kha ning
xdy ra cuia qua trinh di¢n cuc.
Thé khir  ¢°(kh) — 12 th€ phat sinh trong qué trinh khi.

ox +ne 2 kh : AG? = - nF@° (kh) = - nF¢°
Thé oxyhoa ¢°(0X) — 1a thé& ph4t sinh trong qud trinh oxyho4
kh +ne 2 ox ; AGY = - nFg°(0x)

Vi hai phdn ing ngudc chi€u nhau nén ta c6 : trong ciing mot cip oxyhod khir lién
hop, th€ oxyhod ¢6 gid tri bing th€ khit nhung ngugc dau.
¢°(kh) = - ¢°(0x)
Theo qui u6c Quoc t&€ , trong cic bang thé dién cuc chuin, th€ dién cuc dugc ghi §
dang th€ khit (ox +ne 2 kh) . Khi cAn chuyén sang dang oxyhod ta can ddi ddu clia
gia tri ghi trong bang.
Vi du Qué trinh khdt  : Zn**+2e 2 Zn ¢°(kh) = -0,763V (bang tra)

Qud trinh oxyhod : Zn-2e 2 Zn?*  ¢%0ox) =+0,763V

5.Strc dién dong ciia Pin va chiéu dién bién ciia phdn @ng oxyho4- khi.
a.Stvic dién dong cuia Pin.
- Siic dign dong ciia Pin (E ) 1a hiéu dién the cyc dai xuat hién giira hai dién cuc; c6 duoc
khi nguyén t6 Ganvanic hoat dong thuan nghich, nghia la phan tng oxy hoa - khir co so cua
no dién ra thuan nghich nhiét dong.
Gia st phan rng xay ra trong Pin hoat dong thuan nghich la:
akh: + bOX, & cOX; + dkh,
Giita stic dién dong E cta pin va bién thién thé dang ap c6 modi lién hé:
AG = -Amax’ = E(neN) = - nFE
trong d6: n-1a sO electron trao ddi clia phdn ng oxyho4 - khir .
F - hing so Faraday.
O diéu kién tiéu chuan, nong do tat ca cac chat bang 1 dv thi:

AG® = -nFE® ; E°—sirc di¢n dong tiéu chudn ciia Pin.
Ap dung phuong trinh ddng nhiét Vant Hoff vao phan tng trén ta c6:
cl hd
AG = AG® + RT In 2 khzb
khOX !
Cl |nd
_NFE = —nFE° + RT In X khzb
khOX !
£ = g0 RTjp OXikhy
nF  khtOX}
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_ 0,059, OX Skhy

G25°C;  E=E° g .
n kh?OX.

b.Chiéu dién bién ciia phdn ting oxyhod- khi.
Gia st phan ng x4y ra trong Pin 1a:

Tai cuc 4m (ANOD) akh; - ne 5 cOX; AG; = -nF(-p1)= nFe;

Tai cuc duong (CATOD) bOX, + ne S dkh, AG; = -nFo;

Phéan tng tong hdp akh1 + bOX, S cOXi+dkh, AG =-nF(p2 - ¢1)
Hay AG =-nF(p2 - @1) =-nF(p+ - ¢.)= -nFE

E=¢:-¢. ; E’=¢-¢°

*Chiéu dién bién ciia phdn iing oxyhod khit
% Né&u ¢;>@ithi E>0din d&én AG <0 : phdn tng ty phit theo chiéu thuin.
< NEu @,<@;thi E<0din dén AG >0 : phén tng ty phét theo chiéu nghich.
% NEu ¢,=¢;thi E=0din d€n AG =0 : phdn tng dat trang th4i cAn biing ho4d hoc.
AG? = -nE°F= -RTInK

0
LK — nE"F
RT
0
& 25°C Lgk = NE
0,059

* Quy tic nhdn biét chiéu dién ra ciia cdc phén ikng oxy hoa - khir:

""Phan tng oxy hoa khir xay ra theo chiéu dang oxy héa ciia cdp cé thé dién cuc lon

hon sé oxy héa dang khir ciia cdp oxy héa - khir c¢é thé dién cwc nhé hon. "

OXy >+ Kkhe<— Khgs + OXo <

Chu y: chi co thé sir dung dai lugng thé dién cuc tiéu chuan ¢° dé xét chiéu ctia phan tng
oxy hoa - khir khi thé dién cuc tiéu chudn cua hai cip cich xa nhau hoic khi tién hanh phan
g gan diéu kién tiéu chuan. Trudng hdp chiing cé gid tri thé dién cuc tiéu chudn khd gin
nhau hoic diéu kién phan ttng kh4 khac diéu kién tiéu chuin thi phai tinh gi4 tri th& dién
cuc (¢) tng vdi diéu kién thuc t&€ dé€ xdc dinh chiéu cda phan tng.

6.Pin nong dj- gdm hai dién cuc tao bdi cing mot kim loai, nhing vao hai dung dich cta
cling mdt chit dién ly (c6 cation 1a kim loai 1am dién cuc) nhung c6 ndng d6 khic nhau.
e Cyc duong (CATOD) 1 dién cuc c6 nong do dung dich I6n hon (C.) nén cé thé khir 16n

hon.
Qu4 trinh khu : M™ + ne S My xudt hién két tiia kim loai
e Cuc 4m (ANOD) — 1a dién cuc c6 nong do dung dich nhé hon (C.) nén cé thé€ khit nhd
hon.
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Qua trinh oxyhod : Mg - ne 5 M™  dién cuc bi tan ra
e  Chiéu van chuyén cta electron Ia tif cyc 4m (c6 ndng d6 nhd) sang cuc dudng (c6
ndng do6 16n). Chiéu dong dién thi ngudgc lai.
Siic dién dong ciia Pin nong do.

RT, C 0,059, C
E=¢+ - ¢.=—In=> ; §25°C E = —|g=
P =0 e n oC
Vidu- (-)Ag|Cs,Ag" ||[Ag",Ci|Ag(+) Ci>C
Tai cuc duong (catod) c6 thé ¢ : Agt(dd)+1le S Adu
Tai cuc Am (anod) c6 th€ ¢, Agic - le 5 Ag* (dd)
RT, C 0,059, C
E==¢; - 2= —In=x ; §25°C E = —"|g=
P17 P2= e n °c,
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