Bai giang mén Co sé Iy thuyét Héa hoc
PHAN I: NHIET PONG HOA HQC

Mudn xét mot phan tng hoé hoc c6 thuc hién dugc hay khong can biét:
- O diéu kién nao thi phan tng d6 xay ra va xay ra dén mirc 46 nao?
- Phan tng xay ra nhu thé nao? Nhanh hay chim? Nhimng yéu t6 nao anh hudng
dén tdc do phan tmg?
Khi tra 16i duoc duoc hai cau hoi nay, ngudi ta co thé diéu khién dugc phan tng,
tim duogc diéu kién tdi wu dé thuc hién phan ung, nham dat hiéu qua cao nhat.
Cau hoi tht nhit 13 d6i tuong cua nhigt dpng hod hoc, con cau hoi thi hai 1a dbi
tuong cua cua dong hod hoc.
Nhiét dong hoc 1a b0 phan cua vat 1y hoc, nghién ctru cac hi¢n tuong co va nhiét,
con nhiét dpong hod hoc 1a bd phan ctuia nhiét dong hoc nghién ctru nhiing quan h¢ nang

lugng trong cac qua trinh hod hoc.
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CHUONG I: AP DUNG NGUYEN LY THU NHAT
CUA NHIET PONG HOC VAO HOA HOC

I. MOT SO KHAI NIEM MO PAU
1. Khi ly twong:
- Chét khi duoc coi 13 1y tudng khi ma khoang cach giita cac phan tir khi xa nhau,
c6 thé bo qua sy tuong tac giita chung va coi thé tich riéng ctia cac phan tir khi 1a
khong dang ké (khi co ap suat thap).

- Phuong trinh trang thai ctia khi 1y tuéng: néu c6 n mol khi ¢ ap suat P, nhiét d6 T
va chiém thé tich V thi: PV = nRT Z%RT (1.1)

trong d6: m- khéi lugng cta khi, g
M: Khbi lwvong mol ciia khi, g
T Nhiét do tuyét ddi, K ( T =t°C +273)
R: Hang s6 khi 1y tudng, tuy theo don vi ctia P va V ma c6 gia tri
khac nhau:
- Néu P (atm), V(dm’=]) =& R = 0,082 atm.L.K™'.mol'
- Néu P (Pa=N/m%), V(m®) & R = 8,314 I.K".mol”
latm = 1,013. 10° Pa= 1,013. 10°N/m’= 760 mmHg
- Néu trong binh c6 mot hdn hop khi thi mdi khi gay nén mét ap suit goi 1a dp sudt riéng
phdn cua khi @6 va duoc ki hiéu 1a Pi .Tong tat ca cac 4p sudt riéng phan bang ap suét
chung P ctia hdn hop.Néu goi V 1a thé tich chung ciia hdn hop khi ( bang dung tich binh
dung thi phuong trinh khi khi 1y tudéng c6 dang:
Sn RT
14

P=3P = (1.2)

 n, Téng s6 mol khi trong hdn hop.
ap suat riéng phan Pi cta khi i trong hdn hop c6 thé tinh:

P =n2L hodc Pi=NiP véiNi= 2o (1.3)
|4 xn,

2. Hé va moi truong
- Hé: Hé 1a dbi tuong can nghién ciru cac tinh chat nhiét dong hoc. Di kém véi khai niém
hé 1a khai niém méi trudng xung quanh, 1a toan bd phﬁn con lai cua vii tru bao quanh hé.
Hé duoc phan cach v6i méi trudng xung quanh bang mot mit thyc hay tuong tuong.
- C6 4 loai hé:

+ Heé ¢6 1ap: 1 hé khong trao d6i chit va nang lugng v6i moi truong

+ HE md: 1a h¢ trao doi chat va ndng lugng v41 moi truong.
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+ Heé kin 13 hé chi trao d6i nang luong voi méi trudng

+ H¢ khong trao ddi nhiét véi moi truong duoc goi 1a hé¢ doan nhiét.
3.Quy woc vé diu trong qud trinh trao doi nang lwong
Ning luong trao doi gitra hé va moi trudng co thé 13 cong , nhiét, ning luong dién......

- Hé nhén ning luong: dau (+)
- Hé nhuong ning luong dau (-)

4.Trang thdi ciia hé va cdc thong so trang thdi:
- Trang thai vi m6 cua mét h¢é dugc dac trung bﬁng nhing dai lugng xac dinh nhu: t°C, P,
V, C...Cac thong sb ndy c6 thé do duoc, goi 13 cac thong sd trang thai.
vi du: gilra s6 mol khi n, nhiét do T va ap suét P cia mot hé khi (gia su 1a khi ly tudng)
c6 mbi quan hé chit ch&, dugc biéu dién bang phuong trinh trang thai ctia khi 1y tudng
PV=nRT.
- C6 hai loai thong s6 trang thai: dung do va cuong do
+ Thong sb trang thai dung d6 1a nhitng théng sb trang thai ti 16 v&i luong chat, thi du
thé tich, khdi luong.
+ Thong sb trang thai cuong dé khong ti 1€ vdi lugng chét, vi du nhiét d6 ap Sut, n6ng
do, do nhot.
5. Trang thdi cdn bang ciia hé
La trang théi tai d6 cac thong sb trang thai ctia hé khong dbi theo thoi gian. VD phan Gng
thuan nghich CH;COOH + C,HsOH <=> CH3COOC,Hs + H,O dat trang thai can béng
khi nong d6 cua 4 chat khong bién doi .
6. Bién déi thugn nghich va bién doi bit thudn nghich
- Néu hé chuyén tir mot trang thai cAn bang ndy sang mot trang thai can bing khac vo
cing chdm qua lién tiép cac trang thai cin bang thi sy bién dbi dwoc goi 1a thuin
nghich.Pay 1a su bién ddi 1y twong khong c6 trong thuc té.
- Khac véi sy bién d6i thuan nghich 1a su bién doi bat thuan nghich. D6 14 nhiing bién doi
dugc tién hanh véi van toc dang ké. Nhimng bién ddi xay ra trong thyc té déu 1a bat thuan
nghich.
7.Ham trang thdi
- M6t ham F( P,V,T...) duoc goi la ham trang thai néu gia tri cua no6 chi phu thude vao
cac thong sb trang thai cia h¢ ma khong phu thudc vao cach bién ddi cua hé.
- Vi du: n mol khi 1y tudng:

+ ¢ trang thai 1 duoc dic trung bang P,V,=nRT,

+ & trang thai 1 dugc dac trung béng P,V,=nRT,

PV Ia mét ham trang thai, n6 khong phu thudc vao cach bién doi tur trang thai 1

sang trang thai 2.
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8.Cong va nhiét: La hai hinh thirc trao doi ning lugng.
Cong W (J, kJ)
Nhi¢t Q (J, kJ)
Cong va nhiét noi chung khong phai la nhitng ham trang thai vi gia tri cia chung phu
thudc vao cach bién doi.
* Cong gian no ( cong chuyén dich)
1)/ 4 = - Pngoai.dV =-PndV (1.4)
> W phu thudc vao Pn ( vi hé sinh céng nén c6 du -).
Néu qué trinh 1 hitu han => W=~ ["P,av (L5
Néu gifin né trong chan khong > Pn =0 2 W=0.
Néu gian nd bat thuan nghich: gidn né chong lai Pn khong doi:
P,= const (P,=Pyq) P Wy =-Pn(V,-V)) (1.6)
Néu gifin né thuan nghich: tirc 13 P, =Ppe
V2
W=— jm PdV (1.7)
Néu khi 12 I twong va gidn nd dang nhiét co :
P=Pp="RL — (" k1~ _arTIn 2
' 4 " V V.

1

Vay Wiy =- nRT ln%: nRT lng (1.8)

1 2

II. NGUYEN LY I AP DUNG VAO HOA HQC
1. Khdai niém ngi nang (U)
Ning luong ctia hé gom 3 phan
- Pong nang chuyén dong cua toan hé
- Thé ning ctia hé do hé nam trong truong ngoai
- Noindng cua hé
Trong nhiét dong hod hoc nghién ciru cha yéu noi nang.
Noi nang ctia hé gdbm:
- Pong ning chuyén dong cia cac phan tir, nguyén tir, hat nhan va electron (tinh
tién, quay..)
- Thé ning twong tac (hut va day) ctia cac phan tir, nguyén tir, hat nhan va electron.
Nhu thé ndi ning (U) cua hé 1a mot dai luong dung dd, gia tri cia nd chi phu thudc
vao trang thai vat Iy ma khong phu thudc vao cach chuyén chét t6i trang thai do. No 1a

mot ham trang thai.
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Noi ning cua hé phu thudc vao ban chat, luong cia nd, ap suit. nhiét do,thé tich va
thanh phan.
Déi vé6i khi 1y tudng ndi nang cua h¢ chi phu thudc vao nhiét do.
2. Phat biéu nguyén Iy I ciia nhigt dong hoc
Nguyén 1y I cua nhiét dong hoc vé thuc chit 1a dinh luat bao toan nang lugng:
Nang lugng ctia mot h¢ ¢6 1ap ludn ludn bao toan.
a.Ton tai mot ham trang thai U goi 1 ndi nang. dU 1a mot vi phan toan phan.
b. Su bién ddi ndi ning AU ciia hé kin chuyén tir trang thai 1 sang trang thdi 2 bang tong
dai sb cua tat ca cac ning luong trao doi véi moi trudng trong qua trinh bién doi nay (du
1a bién d6i thuan nghich hay bét thuan nghich).
AU =U,-U; = WL + Qs =W5g + Qp =...=const
trong d6 W 13 Q 1a cong va nhiét lvgng ma hé trao doi v6i moi truong.
Dbi voi mot bién d6i vo cing nho
dU=6W + 60
dU: vi phan toan phan
SW va 80 : khong phai 13 vi phan toan phan.
D6i véi mot bién déi hitu han

AUzidU:W+Q (1.9)

Néu: + Trang thai ddu va cudi nhu nhau AU = §>dU =0--> W+Q=0

+HEécolap: W=Q=0-> AU=0
3. Nhi¢t ding tich, nhigt ding dp
a.Nhiét dang tich.(V = const)
Xét 1 hé kin, cad T, V = const, h¢ chi sinh cong co hoc:
OW =—pdV viV =const = W =-pdV =0
Theo nguyén 1y I: dU=6W + 6Q
Do d6: dU=60 va AU = jéQ:Qv (1.10)

v=const
Qv la nhiét déng tich, gia tri cia n6 chi phu thudc vao trang thai dau va cudi cua hé.
b. Nhiét dang dp(P= const)

Xeét h¢ kin, thyc hién & ca T, P =const, h¢ chi sinh cong co hoc:
2

W=—{ pdV =—P(V, -V)
1

AU = Uz-Ul =W+ Q
Uz - Uy = Qp-P(V2-V)) hay Qp = (U +PV3) (U, +PV))
Qp: Goi 12 nhiét dang ap
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bat H=U+PV
Ta co: Q= H-H, =AH (1.11)
H duogc goi 1a entapi, n6 1a ham trang thai vi U va PV déu 1a nhitrng ham trang thai.
III. NHIET PHAN UNG HOA HQC.
1. Nhiét phan vrng

La nhiét luong thoat ra hay thu vao khi phan Gmg xay ra theo dung hé sé ty luong,
chit tham gia va san phém o cung mot nhiét do T.
Dé co thé so sanh nhiét ciia cac phan g can chi rd diéu kién phan tng xay ra:

- Luong cac chat tham gia va san pham tao thanh theo hé sb ty luong.

- Trang thai vat 1y ctia cic chét

Véi muc dich nay ngudi ta dwa ra khai niém trang thai chuan. Trang thai chuan cua
mot chat nguyén chat 14 trang thai 1y hoc duéi ap suat 101,325kPa(latm) va nhiét do
khao sat nd bén nhat.

Vi dy: Cacbon ton tai & hai dang thu hinh 13 graphit va kim cuong. & 298K va dudi ap
suat 101,325kPa, graphit 1a bién d6i thu hinh bén nhét do d6 trang thai chuan ¢ 298K cua
cacbon la graphit.

- Néu phan tng dugc thyc hién & P=const thi nhiét phan tmg duoc goi 14 nhiét phan

g dang ap Qp=AH .
- Néu phan Uimg dugc dugc thuc hién & V=const thi nhiét phan ung duogc goi la
nhiét phan tng dang tich Qv=AU .
e Phan Uing toa nhiét va phan ting thu nhiét
- Phan ung toéa nhi¢t: 1a phan Ung nhuong nhi¢t luong cho méi truong. Khi dé
AH = Q,<0 hoac AU = Q, <0. Vi du phan g t61 vOi......
- Phan Ung thu nhiét: 1a phan Ung nhan nhiét luong tor moi1 truong. Khi do
AH = Q,>0hoac AU = Q,>0. Vi du phan Uing nung voi..
e Quan hé giita nhiét dang tich va nhiét dang ap:
AH =AU+ pV), = AU + pAV
Qp=Qv+AnRT (1.12)
Trong d6: An = s mol san pham khi — s mol chat khi tham gia phan ung.
R = 8.314 J/mol.K: hang s khi 1y tudng
T: K

Vi du: CoH (1) + 1?502(1() — 6CO,(k) + 3H,0(1)

A n=6-7,5=-1,5.
C(r) + Oy(k) = COy(k)
A n=1-1=0
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2. Nhiét sinh chudn ciia mét chit:
La nhiét ciia phan Ung tao thanh 1 mol chat d6 tir cac don chit bén ¢ diéu kién chuan
(chat san pham va chat phan ng phai 13 cac chat nguyén chat ¢ latm va giit P, T=const,
cac b liéu nhiét dong chuan trong céc tai liéu thuong dugc xac dinh ¢ nhiét do T=298
K).
Ki hi¢u AH?, (kJ.mol ™)

Néu T =298 => AH Y,
Vi du: AH S, (CO,)=-393,51(kJmol™). N6 14 nhi¢t phan tmg clia phan tng sau & 25°C
khi p, = p., =latm

Cgr + O,(k) =COy(k).

C graphit 12 don chit bén nhit ctia cacbon & 1 atm va 298K.
- Tr dinh nghia trén ta suy ra nhiét sinh chuan ciia don chat bén bang khong.
3. Nhiét chdy chudn ciia mét chit:
La nhiét ctia qua trinh d6t chay hoan toan 1 mol chat d6 bang O, tao thanh céac oxit bén
nhit ( voi hoa tri cao nhat cta cac nguyén td), khi cac chat trong phan Gmg déu nguyén
chat & P=1latm va gitr T, P khong d6i (thudng T=298K).

AH?  (kJ.mol™)
Vidu: AH,, (CH,) =-890,34k] .mol™ g véi nhiét ciia phan tng sau & 25°C va p=const
khi P, =P, =P, =latm.

CH,4 (k)+ 20, (k)= CO, (k) + 2H,0(1)
Tat ca cac oxit bén voi hoa tri cao nhat clia cac nguyén té déu khong co nhiét chay.
IV.PINH LUAT HESS VA CAC HE QUA
1.Phat biéu: Hiéu ung nhiét cua mot phan ung chi phu thudc vao trang thai dau va trang
thai cudi cua cac chat tham gia va cc chat tao thanh chtr khong phu thudc vao cac giai

doan trung gian, néu khong thyc hién cong nao khac ngoai cong gian no.

Vi du: AH
Cgr —> 0,(k) COy(k)

~N S m

CO(K) + 1/2 O,(k)

AH,

Theo dinh luat Hess: AH =AH, + AH, (1.13)

2.Cac hé qua
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Hé qué 1: Hiéu (mg nhiét ciia phan ing thuan bang hiéu tng nhiét ctia phan ng nghich
nhung nguoc du.: AH, = -AH, (1.14)
Hé qua 2: Hiéu tng nhiét ciia mot phan tng bang tong nhiét sinh ctia cac chat cubi trir di
téng nhiét sinh cua cac chat dau.
AH:zAHS(sénphém)—ZAHs(thamgia) (1.15)
Néu diéu kién chuan va T=298K thi
AH 298, = > AH 295, (s nphdm) — > AH >0, (thamgia) (1.16)
Ttr dinh nghia nay suy ra: nhiét sinh cia mot don chat bén virng ¢ diéu kién chuan
bang khong: AH? (don chat) = 0.
Vi du: Tinh AH® coa phan tng:
CyHy(k) +H, (k) --> C,Hg ¢ 298K?
Cho biét AH 2og.s CUA CAC chat (kJ.mol") nhu sau:
C,oHy(k): +52,30
C,Hg(k): -84,68

Giai:
Ta co:
AHyy  =AH  (CoHg(K)) - [AH 0 (CoHa(K)) + AH 55 (Ha(K))]
=-84,68-52,30-0
=-136,98kJ.mol’’

Hé qud 3: Hiéu tng nhiét ciia mot phan tmg bang tong nhiét chay cia cac chat dau trir di

tong nhiét chay cua cac chat cudi.

AH,, =D AH (1)~ 3 AH (sp) (1.17)
Néu diéu kién chuan va T=298K thi
AH 208 pu = ZAHOZ()S,(' (l‘g)—ZAHOz%,c(Sp) (1.18)

3.Cac irng dung
* Pinh luat Hess va cac hé qua cua n6 c6 mdt ing dung rat 16m trong Hod hoc, né cho
phép tinh hiéu (g nhiét ciia nhiéu phan tng trong thyc té khong thé do duoc.
Vi dul: khong thé do dugc nhiét cua phan tng Cgr + 1/2 O,(k) =CO(k) vi khi ddt chay
Cgr ngoai CO (k) ra con tao thanh CO,(k) nhung nhié€t ctia cdc phan Uung sau day do
duoc:

Cgr + 0,(k) =COy(k) AH%,=-393513,57 J.mol™'

CO(k) + Oy(k) =COy(k) AH®,=-282989,02 J.mol

Dé tinh dugc nhiét ctia phan tng trén ta hinh dung so do sau:
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gt O0xk) —>  COyxk)

N/

CO(k) + 1/20,(k)
Trang thai dau (Cgr+0,) va trang thai cudi (CO,(k)) ctia ca hai cach bién d6i 1a nhu nhau,
do d6 theo dinh luat Hess:
-393.513,57 = X - 282.989,02
= x=-110507,81J.mol"

Vidu 2: Xéc dinh ning lwong mang ludi tinh thé cua NaCl(r) biét
+ Nhiét nguyén tr hoa Na(r)

Na(r) = Na(h) AH, = +108.724J.mol ™
+ Nhiét phan ly Cly(k)

Cly(k) 2 2CI(k)  AH, =+242.672J.mol"
+ Nang lugng ion hoa Na(h)

Na(h) > Na'(h) +e AH, = +489.528].mol™'
+ai Iyc d6i véi electron cua CI(k)

Cl(k) + e=> CI'(k) AH, =-368.192J.mol ™
+Nhiét ciia phan tng

Na(r) + 1/2 Cly(k) > NaCl AH, =-414.216J.mol"
Dé x4c dinh ning lwong mang ludi tinh thé NaCl ta dung chu trinh nhiét dong Born —
Haber:

Trang Trang
thai dau AH thai cuoi
Na(r) + 1/2 Cly(k) ——— > NaCl(r)
x=?
S V) T
AH}

Na(h) + Cl(k) > Na'(h) + CI'(k)
AH,

Theo dinh luat Hess ta co:
AH, =AH, +1/2AH, + AH, + AH, + x
= x=AH, —(AH, +1/2AH, + AH, + AH,)
= x=-765.612J.mol’’
V. SU PHU THUOC HIEU UNG NHIET VAO NHIET PQ.DINH LUAT KIRCHHOFF
1. Nhiét dung mol ciia I chit
La nhiét lugng can thiét dé nang nhiét do cua 1 mol chit 1én 1K va trong sudt qua trinh

nay khong cé sy bién doi trang thai(néng chay, soi, bién doi thu hinh...)
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- Pon vi thuong dung cua C 13: J.K 'mol”
- Nhiét dung mol dang ap. Qua trinh duoc thuc hién & P=const.

oH daH . B F f
CP:(EJ :E —>dH—deT—> '!.dH:-!.CPdT

p
2
==> AH = [ C,dl
1
-Nhiét dung mol dfmg tich. Qua trinh dugc thuc hién & V=const.

2
C = (a—Uj _U L qu=CcvdT= AU - [c.ar
or ) dr 1

==> AU = jcvdr
1

2.Nhiét chuyén pha
-Chuyén pha: bay hoi ,néng chay, dong dic, thing hoa...
-AH , 1a nhi€t lugng trao doi véi méi truong khi 1 mol chat chuyén pha. & P=const, khi
mot chat nguyén chat chuyén pha thi trong suét qua trinh chuyén pha, nhiét d6 khong
thay doi.
3. Dinh ludt Kirchhoff
Xét 1 hé kin, P=const.. Xét phan (mg sau thuc hién bang hai con duong:
AHZ

nA +n,B T—2> n3C +n4D
N, l A,
A1_11
A +n,B T» n3C +nyD

Theo dinh luat Hess ta c6 AH, = AH, + AH, + AH,

T o
> AH, = [(1,C,, +n,Cp)dTl == [(n,C,, +n,C,, )T

T I

T,
AH, = [(n,C,, +n,C, )dT

T

T,
Tir d6 AH, = AH, + [[(n.C,, +n,Cp)) = (0,Cy +n,C, )lT

T

TZ
=> AH,, = AH, + [AC,dI'" => Cong thirc dinh luat Kirchhoff

T

Véi: AC, =Y .C,(sp)=D. C,(tg)
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& diéu kién chuan(P=1atm) va T,=298 K c6:
T
AHY = AH 0+ [ ACdT
298
Néu trong khoang hep cta nhiét do => coi AC? = const thi
AH} = AH ,i3+AC o (T —298)
4.Moi quan hé giita ning lwong lién két va nhigt phdn irng
C6 thé quy udc niang luong lién két (Elk) twong tmg v6i ning luong phé v lién két hodc
hinh thanh lién két.
& day ta qui wdc Ey @ng v6i qua trinh pha vo lién két: ning lugng lién két 1a ning
luong Gmg v&i qua trinh pha v lién két do d6 ning luong lién két cang 16n thi lién két
cang bén.
- Mot phan tmg hoa hoc bat ki vé ban chat 1a pha v& lién két cii va hinh thanh céc lién
két méi do d6 AHpir ¢o thé duoc tinh qua Elk cua cac lién két hoa hoc.
Vidul: Pha v& 1 mol thanh céc nguyén tir c6 lap:
H,(k,cb) --> H(k,cb) + H (k,cb)
& 298K, p= latm => EH_;;= +432kJ.mol' =AH .,
Trong truong hop nay Elk coi nhu hiéu trng nhiét cua qua trinh.

Vidu2: Xét phan tng N,(k) + 3H,(k) => NH;(k). Thuc hién bang 2 con dudng

Na(k) + 3Ha(0— o HNH, 10

3En.n
lEN'N l AH

2H(k) + 6H(K)
> AH=E, ,+3E,_, —6E,_,
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CHUONG II: NGUYEN LY II CUA NHIET PONG HQC CHIEU VA GIOI HAN
TU DIEN BIEN CUA QUA TRINH

MO DAU

Trong ty nhién, cdc qua trinh 1y hoc va hoa hoc xay ra theo chiéu hoan toan xac dinh.

- Nhiét tu truyén tor vat nong sang vat lanh hon

- Khi tu truyén tir noi c6 ap suit cao dén noi co ap suat thip

- Céc phan ung hod hoc ty xay ra, vi du: Zn + HCI --> ZnCl, + H,

Con céac qua trinh nguoc lai thi khong tu xdy ra duogc.

Nguyén 1y I cho phép tinh nhiét cua cac phan tng nhung khong cho phép tién

doan chiéu va giéi han clia qua trinh

Nguyén 1y II cho phép giai quyét cac van dé nay.
ILNGUYEN LY II. HAM ENTROPY
1.Nguyén Iy II (Tiéu chudn dé xét chiéu ciia qud trinh)
- T6n tai mot ham trang thai goi 1a entropi (S).
- ¢ nhi¢t do T khong doi, trong sy bién doi vo cung nho, h¢ trao doi véi moi truong mot

nhiét luong 5 Q thi bién thién entropi ctia qua trinh duogc xac dinh:

e Néu la bién déi thuan nghich: ds = @
e Néula bién déi bit thuan nghich: ds > @
Tong quét
ds > % Dau “ > : qua trinh bat thuan nghich
2 5Q ,
AS > .[7 Dau “ =" qua trinh thuin nghich
1
*Chuy:
Vi S 1a ham trang thai --> AS chi phu thudc vao trang thai dau va trang thai cudi, tirc

la:  AS, =AS,, =]

2
AS,y = AS,, > jéQT”
1

==> Q> Qprn : Nhiét qua trinh thuan nghich 16n hon nhiét qua trinh bat thuén nghich.
+ Pé x4c dinh ASy,, , trudc hét hinh dung mot qua trinh thuan nghich c6 cung trang

thai dau va trang thai cudi voi qua trinh bat thuan nghich, sau do6 tinh AS theo cong thic:

2
AS = J‘% (khong xac dinh dugc truc tiép A Syy)
1
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2. Nguyén ly II ap dung trong hé co lap

Déi v6i hé ¢o lap:

Qtn=0--> AS=0
Qbtn=0 --> AS >0

Nhu vay ddi véi hé ¢o lap:

- Trong qua trinh thuan nghich (can bang), entropi cuia hé 13 khong doi.

- Trong qua trinh bét thuén nghich nghia la ty x4y ra, entropi ciia hé tang.

Diédu nay co nghia rang trong cac hé cb 1ap, entropy ctia hé ting cho tdi khi dat t6i gia
tri cuc dai thi h¢ dat to1 trang thai can béng.f)éo lai ta c6 thé noi:

Trong hé co lap:

- Néu dS >0 ( S ting) hé ty dién bién

- Néu dS=0, d*S<0 (S max) hé & trang thai can bang.
3. y nghia ham entropi

a. Entropi la thudc do do hén don cia hé

Xét 1 hé c6 1ap & T=const, hé gdm 2 binh c6 thé tich bing nhau, dung 2 khi Iy tudng
A va B c6 pA=pB déu thip. Hai binh dugc ndi voi nhau bang mot day dan cé khoa K.
M& K--> 2 khi khuéch tan vao nhau cho dén khi c6 sy phan bé dong déu trong toan bd
thé tich cua 2 binh.

Sy khuéch tan cac khi 1y twong vao nhau 13 qué trinh c¢6 T=const(Q=0) --> AS >0
(S,>S)) -->do hon d6n cua trang thai cubi (hon hop 2 khi) dac trung bé“mg S, 16n hon do
hdn d6n cua trang thai dau ( mdi khi & 1 binh riéng biét) dic trung bang S;.

Vay trong hé ¢b lap, qua trinh ty xay ra theo chiéu ting d6 hdén don cua hé (ting
entropi, AS >0 ). Qua trinh nguoc lai: Méi khi tu tach ra khoi hon hop khi dé tro lai trang
thai dau khong thé tu xay ra.

* Két luan:

- Entropi déc trung cho do hon don: do hon don ciia hé cang 16n thi S cang lon.

- Néu s6 hat trong hé cang 16n--> d hdn don cang 16n--> Slon

- Lién két gitra cac hat trong hé cang yéu --> d6 hon don cang 16n--> S 16n. Vi du:

St20() »SH200)< SH20 (k) -

- S 1a ham trang thai va la dai lugng dung do.
b.y nghia thong ké ciia S

Trang thai ciia mét tip hop bat ki c6 thé duoc dic trung bang 2 cach:

- Bang gid tri cta cac tinh chit do duogc : T, P,C...--> dugc goi 1a cac thong sb trang

thai vi mo.

- Nhirmg dic trung nhét thoi cta cac phan tir tao nén hé dugc goi 13 cac thong s vi

mo.
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* Sb thong s trang thai vi mé tng voi mot trang thai vi mo duoc goi 1a xac sudt nhiét
dong Q

Néu s phan tir trong hé ting thi S ting--> Q ting. Giita S va Q ¢6 quan hé véi nhau
thong qua hé thirc Bolzomann.

H¢ thirc Boltzmann (1a co s cuia nguyén 1y 11I)

S=klnQ
k: hing s6 Boltzmann

Nhdgn xét: Trong h¢ co lap, qua trinh tu dién bién theo chiéu tdng xac suat nhiét dong Q.
4.Bién thién entropi ciia mét sé qud trinh
a. Bién thién entropi ciia qud trinh bién doi trang thdi ciia chdt nguyén chat

Trong sudt qua trinh nady T=const ==> AS ctia mdt mol chit nguyén chét trong qua
trinh bién d6i trang thai xay ra & P=const 1a

250 AH, ,
AS = I % S— AH , nhiét chuyén trang thai
1

Ty
b. Bién thién entropi ciia qud trinh gidn né dang nhiét khi 1y twong

0 T=const, dan n¢ n mol khi li tuéng tr V,-->V,

ASZ‘Z[&QTN :QTN
T

== vi T=const
T

V
Vi T=const --> AU =0 W,, =-nRT In—>

1

%
Theo nguyén ly I: AU =Q,, +W,, =0 -> Q,y =-W,, =+nRT In—=

1
==> AS = annﬁz annﬂ
1 2

Néu P;>P, --> AS >0 : qua trinh gidn nd nay ty dién bién
==> Cé4ch phat biéu khac cia nguyén 1y II: Cac chat khi co thé tu chuyén doi tir noi c6 ap
suat cao dén noi co6 ap suat thap.
c. Bién thién entropi cia chdt nguyén chdt theo nhiét do:

Pun néng n mol 1 chat nguyén chat tir nhiét d6 T;-->T, v6i diéu kién trong khoang
nhiét d6 d6 chat nay khong thay di trang thai

- Trong diéu kién P = const:

2 2 2
AS, = D _ d—sznCpg
1 T IT 1 T
2
Viy s, = nCp%

- Trong diéu kién V= const
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2
I vy AS, =[nC, ar
T T

1

00, tdU
o5,

2
T TZJHC”

Néu coi Cp hoidc Cv khong d6i theo T thi:

T
AS, =nC, In—=

1
AS, =nC, In 5
1
II. Nguyén ly III cuia nhiét dong hoc
Nhan xét: & dang tinh thé hoan hao ctia mot chat nguyén chat & OK {mg véi 1 trang thai
vi mo chi ¢6 1 trang thai vi mé6 ==> ¢ OK thi Q =1
1. Nguyén Iy I (tién dé Nernst)
Entropi ctia mot chat nguyén chit dudi dang tinh thé hoan hao & OK bang khong:
Sox)=0=klnQ (Q=1)
2.Entropi tuyét déi ciia cdc chat nguyén chit & cdc nhigt dp T
Vi du: dun néng n mol 1 chét nguyén chat & 0K -->T K, trong khoang nay xay ra cac qué
trinh bién d6i trang thai va & diéu kién P=const. Tinh ST?
0 K---> Tnc--->Ts--->T

T
dr
AS=S, -8, ,=8, = TLnC,, -
T ar  AH ar  AH. % dT
AS = ST - ST:O = OJ;(HCP(’,) 7 +n Tn:(’ + T.[nCp(,) 7 + l’lT—SS + }[nCP(h) 7

thuong thi P=1atm, T=298K, n=1mol ==> S}, (J.K " .mol™)
-->Bang entropi chuén cua cc chat & 25°C
* Nhan xét: Gia tri S chat nguyén chét luén > 0, trir khi xét cho ion trong dung dich, c6
thé c6 Sion<0.
3.Bién thién entropy ciia cdc phén ung hod hoc
Vi S 1a ham trang théi va la dai lugng dung d6 nén:
AS=>"S =2 8w (&6 T, P =const)
Néu & diéu kién chuan (P=1atm) va T=298K thi:
AS = Soos (5P) = D S 205 (18)
Vi Skhi>>Slong,Sran ==> ¢ thé cin ctr vao sé mol khi ¢ 2 vé cia phan Gng dé déanh
gia d6 16n cling nhu 13 ddu cia AS cia phan ung.
An=0==> AS nho
An>0==> AS > (0 ==> phan Gng tang S
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An < 0==> AS nho ==> phan rng giam S
Vidu:  SOy(k) + 1/2 Oy(k) --> SO;3(k) cb An<0 ==> AS<0
C(gr) + Oy(k) ->COx(k)  cO An=0 ==> AS=0

III. HAM THE NHIET PONG. TIEU CHUAN PE XET CHIEU CUA QUA TRINH

- Heé co lap: AS >0 -->tiéu chuan tu dién bién va gi6i han cta qua trinh

- Hé khong c6 1ap: gdm hé + Moi trudng --> Puavé 1 hé ¢6 lap méi bang cach gop
hé va moi truong thanh 1 hé co 1ap.
==> tiéu chuan ty dién bién va gidi han ctia hé méila: AS+AS, >0

AS ~ chua x4c dinh nhung c6 thé dua vé cac thong sb ctia hé bang cach tim 1

ham thay thé cho ca (AS +AS, ), ham thay thé nay goi 14 ham thé nhiét dong. Thuong
gap he:
+ Pang nhiét, dang ap ==> c6 ham thé dang nhiét dang ap
+ Pang nhiét, dang tich==> c6 ham thé dang nhiét dang tich
1.Ham thé ding nhiét dang dp
a. Pinh nghia: Xét 1 h¢: T, P = const

H¢ thuc hién mot bién doi nao do

AH
AS+AS,, =AS+—™ :AS—ﬂ
T T
H¢ Moi truong
AH Nhiét luong trao ddi voi méi truong AH,, =-AH,, =-AH
AS_Bién thién entropi cua hé. AH,, AH
- AS,, == ==
T T
==> tiéu chuan tu dién bién va gi6i han cta qua trinh 1a:
AS+AS,, 20
<> as-2 5y
T
<=> AH-TAS <0
<=> A(H-TS)<0 bat H-TS =G => G la ham trang thai
<=> AG <0
AG =AH-TAS <0 : & P,T=const ==> qua trinh tu xay ra theo chiéu AG <0 va

dat can bang khi AG =0
G dugc goi 1a : Nang luong Gibbs, Entanpi tu do hay thé dang ap.
b. y nghia vat ly cua AG
G=H-TS=U+PV-TS
dG=dU +pdV + VdP- TdS — SdT
Nguyén ly [ => dU =60+ oW , ma dW =—pdV + W' (oW': cong hitu ich)
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=> dG = 80 — PdV + SW'+VdP + PdV —TdS — SdT
dG = 80 + SW'+VdP —TdS — SdT
Nguyén ly [ => 0 <TdS ; dU <TdS —PdV + W'
=> dG <TdS + oW'+VdP —TdS — SdT
hay: dG < SW'+VdP —SdT
b6 1a phuong trinh co ban ctia nhiét dong hoc.
- Néu qua trinh 13 thuan nghich-->coéng 13 16n nhat --> dau “=”
dG = W' +VdP —SdT
- & T va P =const =>dT=0 va dP=0 c¢:
dGyp = W'
AGpp =W'
ynghia ciia AG: AG biéu thi cong hitu ich ctia qué trinh thuan nghich dang nhiét dang
ap.
2. Ham thé dang nhigt ddng tich (1am tuong tu AG)
a. Pinh nghia: Xét 1 hé & T, V =const, hé thuc hién 1 bién doi nao d6

Hé Moi trudong
AU Ning luong trao d6i véi moi truong AU, =-AU,, =-AU
AS Bién thién entropi ctia qué trinh AS = AU, AU
T T
Tiéu chuan tu dién bién va €161 han cua qua trinh la:
AS,, +AS,, 20
AU

<=>AS-——20
T

<=> AU-TAS<0
<=> A(U-TS)<0 Pat U - TS = A => A la thé dang tich ( ning lugng Helmholtz).
<=> AA <0

b. y nghia AA
A=U-TS
dA=dU -TdS —SdT ; dU =060+ W =60 —PdV + W'
0Q<LTdS => dA <TdS - PdV +oW'-TdS —SdT

=> dA < W'-PdV —SdT
- Néu qué trinh 1a thudn nghich-->céng 1a 16n nhat --> dau “=”
dA=OW'__—PdV —SdT
- T vaV =const =>dT=0 va dV=0 co:
dA=W'
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AN =W'__
e y nghia clia AA: Bién thién thé dang tich AA biéu thi cong cé ich cta qua trinh
thuan nghich ding nhiét dang tich.
e Toém lai tiéu chuén ty dién bién va giéi han cia qua trinh 13
T,P =const=> dG <0
T,V =const=> dA<0
e MG4i lién hé gitta G va A
G=H-TS -U +PV - TS =(U-TS) + PV=A + PV
Viay G = A+PV
3.Bién thién thé dang dp:
dG < oW'+VdP —SdT
dG <0 --> diéu kién tu dién bién va gi6i han
=> Qua trinh tu dién bién theo chiéu lam giam G cho td1 khi dat gia tr1 Gmin: dG=0
(G*=0)
d’G>0 (G">0)
a. Thé dang dp sinh chudn ciia 1 chdt ¢ nhiét do T:
La sy bién thién thé dang ap cua phan tmg tao thanh 1 mol chat d6 tir cic don chit
bén ¢ diéu kién chuan va nhiét do T cua phan tmg.
Ki hi¢u: AG?, (J.mol " hogc kJ.mol™)
Thuong T=298K => AG,,, , --> c0 bang thé dang 4p sinh chuin cua cac chét ¢ 25°C.
VD:

AG jyq (NH,)=-16,65kJ.mol"" tmg vé&i qua trinh %HZ (lc)WL%N2 (k) > NH, (k)

AG y . (HC1)=-95,5k] mol™ ung voi qua trinh %H , (k) +%Cl2 (k) = HCI(k)

=> HCI(k) bén hon NH;(k) vi ning luong toa ra nho hon.
- Tu dinh nghia => AG? (don chét) =0
b. Tinh bién thién thé dang ap ctia phan tmg hoa hoc
Vi G 1a ham trang thai va l1a dai lugng dung d6 nén cé:
- AG,, =D AG (sp)—- D AG(tg)
Néu & diéu kién chuan va 25°C co:
- AG,, =D AG s (sp)— D AG’;,298(1g)
AG thuan= AG qghich
AG <0: phan Umg xay ra theo chiéu thuan
AG =0: qua trinh can bang
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AG >0; phan tng xay ra theo chiéu nghich

- AG, =AH, —TAS,
AGy. = AH o —298.AS)..

- AG, =) AG, (cac qua trinh trung gian)
IV. CAC YEU TO ANH HUONG DEN THE DANG AP

1. anh huong cua nhiét do

Xét hé: chi ¢6 bién ddi thuan nghich, khong sinh cong c6 ich, c6 P=const.
dG = SW'+VdP —SdT , vi 6W'=0(khong sinh cong hitu ich) va P=const

nén (ﬁ) ==s = (G(AG)
or ),

or

AG =AH +T(6(AG)J

or

= T(Mj —AG =—AH
or

P

Chia ca hai vé cho T ta ¢6:

or\ T T?
8( ATG j AH
hoac la =
or T?

p

j =—AS, thay vao biéu thirc AG =AH-TAS ta cé:
»

Phwong trinh Gibbs-Helmholtz

Phuong trinh Gibbs- Helmholtz cho phép xac dinh AG theo T:

AH

T2

AG
d(T) ==

thuong xét & diéu kién chuan (p= latm) va T=298K:

AG° _AH°

d( = )= - dT -> ldy tich phan tir 298-->T vi thong thuong biét gia tri AG ,va
AHy = f(T)

T 0 T AHO
Cé: jd(AG y=—[ —5tdr

298 T 298 T

- AG;  AGjy :_}AHﬁ
T 298 5. T’

dr

AH) = f(T)=a+bT +.....
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=> AG" = f(T)
2. anh hwéng cia dp sudt:
Xét hé: bién d6i thuan nghich, khong sinh cong hiru ich, T=const.
T biéu thirc: dG = SW'+VdP —SdT , SW'=0, T=const  nén c6

(;EPJT =V = :[dG=:|dep

P,
=> Gy, ~G,, = [Vdp

P
- Dbi v6i chat ran va chat 1ong --> coi V=const khi P bién ddi ( trtr mién P 16n) nén
G, -G, =V(P,—P)

G, =G, +V(P,—P) hay AG=V(P,-P)

Koo ge 1 A , . P 1 e nRT

- D01 voi chat khi (cot 1a khi 1y tudng) --> V = 5

T dp P
G, -G, = InRT—anTln—z
P2 Pl Pl P P

1

R P P
Vay:AG = nRT In ?2 hay G, =G, +nRTIn—>

1 1
Néu ban dau P;=1atm (diéu kién chuén) thi G, =Gj
G, =G, +nRT InP
VD: Nén 0,5 mol khi Iy tuong tir P=1atm dén P= 2atm ¢ 25°C. Hoi qua trinh nén co ty

xday ra dugc khong?

P
AGanTln—Z:nRTln%>O

1
==> qud trinh nén khong tu xay ra.
3. anh hwéng ciia thanh phan cdc chét. Khdi niém thé hod
X¢ét hé gém i chat: i =1,n vé6i sb mol tuong Ung 1a ny, n,, ...ni.
G=G(T, P, ny, n,...ni)

dG:(ﬁ)P,NdTJ{%j dPJ{ﬁj dn, +(§] dn, ++(§j dn,
or opP T,N 8111 T,.P,n;#1 anl T,.P,n;#2 ani T.P.n;#i

dG =-=S8dT +Vdp + W'

Chi s6 N chi ra rang ny,n,, n;...ni 1a khong do1, chi s6 njy; chi ra rang chi c6 ni 1a bién doi.

Pit: (—j =G, =4,
anl T,,P,,n/#

Trong do: G_l thé dang 4p mol riéng cua chit i trong hé



Bai giang mon Co so 1y thuyét Hoéa hoc

4, Thé hoa ciia chat i

==> W'=Y u,dn, => pdn,; 11 dang cong hitu ich ==> goi 1a céng hoa
Tir d6: dG =VdP —SdT + ), u,dn,
* ¥y nghia vat ly cuia y;:

- Thé hod cta chét i (x,) 1a thé dang ap mol riéng phan cia i trong hdn hop

- u, la @6 tang kha nang sinh cong hiru ich cua hé khi thém 1 lugng v6 cung nhd
chét i vao hé trong diéu kién P,T va thanh phan (s6 mol) cta cac chit khac 1a khong doi.
u, dugc tinh cho 1 mol chat.

-, la dai lugng cuong d¢ nhung dni la dai lugng dung do

- z u,dn. co thé 1am tiéu chuan xét chidu va gidi han trong diéu kién T,P khong

+ Y w,dn, <0: Qué trinh tu dién bién
+ 3" w.dn, =0: Qué trinh can bang
= Phén (mg xay ra theo chiéu giam thé hoa.
* Mot vai tinh chat cua thé hoa:
U, =G,

1 l

> . phu thudc vao T, P (gidng Gi)
- Néu hé chi gdm 1 chét khi thi thé hoa chinh 14 thé dang ap cua 1 mol chat: G= 4.

do do: (ﬁj :(8_yj =V
oP), \oP),

T d6 1am twong ty nhuw ham G, s& thu dugc phuong trinh cua g, (gibng GT):
f, = ul +RTInP  P(atm) (d6i voi 1 mol khi).
u#0  :thé hod chuan cua chat khi & nhiét d6 T, P=1atm va tinh cho 1 mol.
- Néu hé gébm 1 hon hop khi c6 ap suit chung 1a P thi ap suét riéng phan cua khi i
)

ni
Z n;

Hiry = Myr, +RTIn P, = 3, +RT In(N,P)

trong hon hop 1a Pi=Ni.P ( véi N, =

Hiry = My, +RTInP+RT In N,
= Hiqy = lui(zT,P) +RTIn N,
- Dbi véi phan tmg hoa hoc: aA + bB --> ¢C + dD
AG,, =Y u,(sp)— Y u,(tg)
Diéu kién chudn:  AG?, =Y u’(sp)— > u! (tg)

Viy trong diéu kién dang nhiét, dang ap:
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+Néu Y 4,(sp) <> 1, (tg): phan tmg tu dién bién (tr tréi qua phai)
+Néu > u,(sp) = u,(rg) phan g & trang théi can béing
=> thé hoa ciing 14 tiéu chuan xét chidu va gii han cta cic qua trinh (phan tng xay ra
theo chiéu giam thé ho4)
4.Méi quan hé giita ddu AG va dp I6n AH,AS va T:
T=const --> AG, =AH, —TAS,
AG <0 : Qua trinh ty x4y ra
<=> AH <0: chiéu tang d6 bén lién két

AS >0 : chiéu tang do hon loan

STT | Dau AH | Dau AS | Diu AG | Du doan chiéu
1 - + - Phan trng ty xay ra & moi nhiét do
2 + - + Phan trng khong ty xay ra & moi nhiét do
3 - - ? Phan ung ty xay ra ¢ nhiét d théip
4 + + ? phéan ng tu x4y ra & nhiét do cao
Vi du:

- phan tng: CaCOs(r) <=> CaO(r) + CO (k) AH =+17822k]

An=1-->AS > 0--> phan tng chi xdy ra ¢ nhiét dJ cao
- phan ung: SO,(k) + 1/2 O, (k) --> SO3(k) AH® =-99,12k]

pu
An=-0,5——> AS < 0--> phan mg xay ra ¢ nhiét 4o thap, nhung néu thap qua thi van
tdc khong du 16n --> phan tmg khong xay ra ngay dugc
==> ¢iéu kién: nhiét d6 khong qua thip
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CHUONG III: CAN BANG HOA HQC

I.PHAN UNG THUAN NGHICH VA PHAN UNG 1 CHIEU
1.Phdn vrng thudn nghich
~ Laphan tng xay ra theo hai chiéu trai nguoc nhau trong cung mot dié}l kién (Pac

di€m cua phan ung thuan nghich: khong tién hanh dén cung ma dan dén can bang)

Vi du: N204(k) <=> 2NO2(k)

Khi léy khi NO; (hodc N,0,) nghién ctru --> luén thu dugc déng thoi ca khi N,Oy4
(hoic NO,) trong binh ngay & nhiét 6 thuong do ton tai su chuyén hoa gitra hai khi trén -
-> goi phan tng trén 1a phan tng thuan nghich.
2.Phdn teng 1 chiéu: La phan Gng chi xdy ra theo mot chiéu xac dinh

Vi du: Phan tng phan huy KClO;(xuc tac MnQO,) : KCIO; --> KCI + 3/20,

Dic diém: tién hanh ti ciing
3.Trang thdi cdn bang hod hoc
Mot phan tng khi dat trang thai cAn bang thi:

Xét vé mat dong hoc: vt=vn
Xét vé mit nhiét dong: AG,, =0

* Vady trang thdi cdn bang hod hoc: 13 trang thai cia phan Gng thuan nghich khi téc do
phan tng thuin bang tbc d6 phan tng nghich (hodc khi bién thién thé ding ap bang
khong).
* Pdc diem cua trang thdi can bcing hoa hoc:

- La can bang dong (phan g van xdy ra theo 2 chiéu nguoc nhau nhung vt=vn).

-Tai trang thai can bang thanh phan cua cac chat khong thay ddi: chat tham gia
phan tmg mat di bao nhiéu theo phan tng thuan thi lai dugc sinh ra biy nhiéu theo phan
ung nghich).

- Trang thai cin bang chi ton tai khi cac diéu kién thuc hién phan tmg (C, t',p)
khong doi.
[I.PHUONG TRINH DANG NHIET VAN’T HOFF. HANG SO CAN BANG K
1.Thiét Igp phwong trinh ding nhiét Van’t Hoff

Xét phan ng: aA+bB <=> cC+dD

0 T=const va A,B,C,D la cac khi 1y tudéng
Ta co: AG, =Y 1, (sp)— Y t;(19) = (cpte +dpu, ) —(au, +buy)
Ma: g1, = 4y, +RTIn P, (d6i véi 1 mol)

=> Clicq, = Cley + CRTIN P = cpfy, + RTInPS - (cho ¢ mol)

Tuongtu:  buy,y =buyy,, + RT In P dit e, = ditp g, +RT In Py
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ap 4y = a,ug(T) + RT In P
=>
AG, =[(ctteq, + RTInPS) + (dptp g, + RT In Py = [(apy ) + RTInPy) + (buy ., + RT In Py)]

c
a
A

0 0 0 0 PC PDd
AG; =[(cpr (C)+dur (D) —(apy (A)+ by (B)]+ RT h{WJ
B Jbd

PSP
AGT=AG£+RT1r{ < Dbj
PP )

Pi: ap suit riéng phan cia cac chat khi i= A,B,C,D)

P.P?
Dat (%] =7,
PP ),

=>AG, =AG) +RTInz, (*)

, a1 PP
- Tai trang thai can bang==>AG, =0 =>AG, =-RT ln( — J
cb

PP}

a b
A'PB

P{ P} LAk . A
bat: ( £ D ] =K, =const & T=const (vi & trang thai can bang, thanh phan cic
cb
chat khong bién ddi nita)
==> AG,} =-RTInK, (**)
Vi AG, = RTln% (%)

»
Trong d6:  AG, ,AG; (J)

R=8,314J.K 'mol’!

P (atm)
Céc phuong trinh (*) (**) va (***) duogc goi 1a cac dang khéc nhau cia phuong trinh
dang nhiét Van’t Hoff
2.Phuwong trinh hing s6 cin biang K:
a.Héng so cin bang Kp

PSP} g I ;. ;-
K, =( T J Pi: ap suat cac khi ¢ trang thai CB
PPy ),

- KP khong c6 don vi.

- Kp chi phy thudc vao ban chat phan tng va nhiét do.

- Pbi v6i 1 phan tng xac dinh, T=const --> Kp=const --> goi 1a hang s6 cin
bang ctia phan tmg.

b.Cic hing so cin bang khdc
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c d
* K. = Cc 'C’Z Ci: ndng d6 mol/lit cac chét ¢ trang thai can bang
CiCy ),
- KC phuy thudc vao ban chit phan tng va nhiét do.
- Pbivoil phan g xac dinh --> KC =f(T): KC chi phu thudc vao nhiét do

a b
n,.ng

*K, = (MJ ni; s6 mol khi i & trang thai can bang
ch
Kn phu thudc vao ban chét cac chat , T va P chung cta hé khi can bang va tong sé mol
khi ctia hé khi can bang
ni

2n

KN phu thudc vao ban chét cac chat, Tva P chung cua hé khi can béng

N{NG A e i a s
* K, :[%j Ni: nong d6 phan mol cua khii: N, =
N;,.Ng o

c.Méi quan hé giiva cdc hing sé can bing
-Tacd P;V=n,RT (V thé tich hdn hop khi (lit))
n,RT

=> P = =C,RT thay vao phuong trinh Kp ta co

_(CcRT) (C,RT)' _CiC

— — R]-v[(chd)f(bJra)] — K,.(RT)AH
(C,RT)"(C,RT)"  C}.CS L

P

An = s6 mol khi san pham- s6 mol khi tham gia (dua vao phuong trinh phan tng)
Vay K, =K, .(RT)" (v6i R= 0,082 atm.l.mol 'K

-Mat khac ta co:
P =N,P= Zni P -->thay vao Kp ta co:
ni
An
P
K,=K,.PY va K,=K,.
Z ni ch

(Z n. )e tong s6 mol khi c6 mit trong hé phan tmg khi can bang.

Vay co:

An
n n P
K, =K.(RT)" =K, .P} :K"{Z” ]

cb
*Nhan xét:
- Khi An=0(tong s6 mol khi & 2 vé phan ting bang nhau) --> K,=K=K,=Kx=K=f(T)
- P6i voi 1 phan Gmg da cho thi:
+ K,,,K¢ chi phu thugc vao nhiét do
+ Ky phu thude vao nhiét do, P chung cua h¢ khi can béng
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+K,, phu thudc vao T,P chung cua hé khi can béing, téng s6 mol khi ctia hé khi can

bang.
*Cha y:
- Gia trj hang s can bang K cua phan tng déu phai gin v6i 1 phan tmg cu thé nao do.
P
Vidu: SOy(k) + 1/20,(k) <=> SO;(k) K,=—2>2 1
Py, -Poé
P520 2
280,(k) + O,(k) <=> 280;(k) K'),=———=K;
Py, Py,
P P%
— " SO, *7 0, -1
SO;5(k) <=> SO, (k) + 1/20,(k) K, = » =K,

oA
- Néu K c6 gia tri kha 16n --> coi phan ung xay ra hoan toan, K nho -> phan tmg thuan
nghich.
- Néu phan mg c6 chét ran hodc cht 1ong tham gia (va khong tan 1an vao cac chat khac)
thi ching déu khong co6 mit trong phuong trinh hang sé can bang ( vi Hiry = Hypy trong
sudt qua trinh phan tmg--> khong con RTInPi)
3
Vi du: Fe,0s(r) + 3 CO(k) <=> 2Fe(r) + 3 CO,(k) sz%

co
1

Hg(l) + 1/2 O5(k) <=> HgO(r) K,=—
P

3. Cdc phwong phdp xdc dinh hing sé can bing
a.Xdc dinh theo thanh phén cdc chit tai thoi diém cén bang
Vi du: CaCO;(r) <=> CaO(r) + CO,(k)
Nung CaCOs ¢ nhiét do T , khi can bang: P, =740mmHg.Tinh Kp
Giai:

740
* 760
b.X4c dinh thong qua 1 sé dai lugng nhiét dong

AG) =-RTInK,

ok ( AGTOJ
iy P — exp —
RT

Vi du: Tinh Kp ctia phan tmg sau ¢ 25°C:
2NH;(k) <=> N (k) + 3H,(k) biét AGY,, (NH,) = —16,65k].mol™
Giai:

KP :Pco
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AGYy = =2AG %, (NH,) = (-2)(—16,65) = +33,3kJ.mol "'

0 3
K, =exp _ G | _ exp _ 333107 1 1,45.10°°
R.298 8,314.298
¢. X4ac dinh theo phwong phap gian tiép: Phan tich qua trinh theo 1 chu trinh kin

Vi du:

Kp:?
Cy + Onk) —2——> COxK)

N A

COK) + 1/20x(k)
AG’ = AG, +AG)
—RI'nK, =(-RTInK,)+(-RT'nK,)
InKP=InK,+InK, ==> K=K,.K,
II1.SU' CHUYEN DICH CAN BANG. NGUYEN LY LE CHATIELIER
1.8w chuyén dich cdn bang
- Xét vé mit nhiét dong, khi phan tng dat trang thai can béng--> AG=0 --> 17;—}’ =1 khi

P

hé dang & trang thai cin bang néu ta thay doi mot trong cac thong sd trang thai (P, T,C)
ctia hé --> AG #0=> can bang bi pha v&, qua trinh s& tién hanh theo chiéu AG <0 dé dat
t6i trang thai can bang méi Gmg véi cac thong s6 méi (P, T,C).
- Xét vé mit dong hoc, khi phan ing dat trang thai can bﬁng --> vt=vn => Av=0. Khi h¢
dat trang thai can bang, ta thay doi 1 trong cac thong so trang thai (P,C,T) => vt=vn ==>
qua trinh tién hanh theo chiéu Av > 0 dé dat trang thai can bang mdi (mg v&i cac thong
s6 méi.
==> goi 14 sy chuyén dich cén bang.
Dinh nghia: Sy chuyén dich can bang 1a sy chuyén tir trang thai can bang nay sang trang
thai can béng khéac dudi anh hudng cua cac tac dong bén ngoai (P, T,C) 1én hé.
2.anh hwong cua nhiét do toi sw chuyén dich cin b&ng. Phuwong trinh déng ap Van’t

Hoff
Xét phan tng: aA +bB <=>c¢C +dD o P=const
A 0
Taco: nK, =— Gr
0 0
Mait khac: 0|46 ) __ Mir
or\ T » T

0
do d6: => (8 InK, J = AH; => phuong trinh dang 4p Van’t Hoff
or ), RT
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-Néu AH? > 0 (phan ung thu nhiét) --> ham dong bién

+ Khi nhiét d ting --> K, ting --> can bang chuyén dich theo chiéu thuan ( chiéu
thu nhiét)

+ Néu T giam --> K, giam ==> can bang chuyén dich theo chiéu nghich ( chiéu
tod nhiét)
- Néu AH? <0 (phan g toa nhiét) --> ham nghich bién:

+Khi nhiét d§ tang --> K, giam --> can bang chuyén dich theo chiéu nghich (
chiéu thu nhiét)

+Néu T giam --> K, giam ==> cén bang chuyén dich theo chiéu thuan ( chiéu toa
nhiét)
* Nhan xét: Két qua ctia sy chuyén dich cin bang 1a chéng lai sy thay doi bén ngoai:

+ Khi nhiét do tang thi can béng chuyén dich theo chiéu lam giam nhiét do cua h¢
1a chiéu thu nhiét c6 AH, >0

+ Khi nhiét d6 giam thi cAn bang chuyén dich theo chiéu lam tang nhiét do cua hé
1a chiéu toa nhiét c6 AH, <0

* T phuong trinh Van’t Hoff suy ra:

0

AH
olnkK, =—§.6T
RT

Néu trong khoang nhiét d6 T-->T, hep -->c6 thé coi AH? = const thi:

T, 0T,
IdanP—AH £2
T TIT
n, AH'(1 1
. R\ T

v6i AH® (J) va R=8,314 J.K 'mol”
3. anh hwéng ciia ap suit dén sy chuyén dich cin bing
Tacéd: K, =K, .P."
Vi Kp khong phy thudc vao P--> thay d6i P thi K,=const nén:
- Néu An>0: khi ting P--> Ky giam (dé giit K,=const) => chuyén dich can bang theo
chiéu nghich ( 1am giam s6 mol khi) va ngugc lai
- Néu An<0: khi ting P--> Ky ting (dé giit K,=const) => chuyén dich can bang theo
chiéu thuan ( 1am giam sb mol khi) va nguoc lai khi P giam --> Ky giam --> can bang
dich chuyén theo chiéu nghich ( 1am tang s6 mol khi)
- NéuAn =0 => P khong anh hudng toi sy chuyén dich can bang

* Nhan xét: Két qua cua sy chuyén dich cin bang 1a chéng lai sy thay doi bén ngoai:
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- Néu P ting => can béng chuyén dich theo chiéu P giam (giam s6 mol khi
An<0)
- Néu P giam => can bang chuyén dich theo chiéu ting P (ting s6 mol khi
An>0)
4. anh hwong cua né‘ng do
c..Cy
cicl

Xét phan tng: aA +bB <=>cC+dD ¢0 K, :[ j = const & T=const
cb

- Néu tang C,, Cy => cin bang chuyén dich theo chiéu ting Cc,Cp (dé gitr Kc=const) =>
can bang chuyén dich theo chiéu thuan 1am giam C,,Cp
- Néu giam C,, Cg => can biang chuyén dich theo chiéu giam Cc,Cp (dé giit Kc=const)
=> can bang chuyén dich theo chiéu nghich 1am ting C,,Cp
* Nhan xét: Két qua cua sy chuyén dich can bang 1a chdng lai thay ddi bén ngoai.Néu
tang C; thi cAn bang chuyén dich theo chiéu lam giam C; va nguoc lai.
5. Nguyén Iy chuyén dich cin bang Le Chatelier

Khi mot hé dang ¢ trang thai can bang, néu ta thay d6i 1 trong cac thong sd trang
thai caa hé ( T, P hodc C) thi c4n bang s& chuyén dich theo chiéu chdng lai sy thay d6i
do.

Tai li€u tham khao:

1. Nguyef:n Dinh Chi, Co Sé Li Th}lyét Hoa Hoc, NXB GD, 2004.
2. Nguyén Hanb, ,CoS¢ Li Thuy@t Hoéa Hoc, Tép‘ 2, NXB GD 1997.
3. Lé Mau Quyén, Co S¢ Li Thuyét Héa Hoc - Phan Bai Tap, NXB KHKT, 2000.



CHUONG IV: CAN BANG PHA
1. MOT SO KHAI NIEM
1. Pha (@) la phan déng thé clia hé c6 thanh phan, tinh chat Iy hoc , tinh chat hoa hoc
giong nhau & moi diém clia phan dong thé d6é va c6 bé mat phan chia vé6i cac phan khac
cua hé.
- Pha chi gom 1 chat goi la pha nguyén chét (pha don) con pha gom 2 chat trd 1én--> goi
1a pha phuc tap.
- Heé gém 1 pha --> hé dong thé.
- Hé>2 pha -> hé di thé.
Vi du: Hé gom H,0 dd + H,O 16ong + H,O hoi => gém 3 pha: ran, 1ong, hoi.
Heé gom CaCO,(r), CaO(r),CO,(K) --> 3 pha: 2 fa ran + 1 pha khi
2. Cdu tu: La phan hop thanh ctia hé ¢6 thé dugc tdch ra khoi hé va t6n tai duge bén ngoai
he.
S6 cau tir trong hé ki hiéu la R
Vi du: dung dich NaCl gom 2 céu tir 1a NaCl va H,O --> R=2
3.86 cdu tir doc lap (K): La s6 t6i thi€u cac cau tir do dé xdc dinh thanh phan cua tat ca
céc pha trong h¢.
- Néu cac céu tir khong phan tng véi nhau va néu pha cé thanh phan khac nhau thi K=R
(trong hé khong c6 phuong trinh lién hé nong do cac céu tir)
Vi du: dung dich NaCl => R=K=2.
-Néu cdc cu tir tuong tdc voi nhau va ndm can bangvdi nhau--> chiing khong con doc lap
v6i nhau nita--> K=R-q
q: sO hé thic lién hé gifta cic ndong do ( q c¢6 thé 1a phuong trinh hing s can bang, diéu
kién dau vé nong do cta cac cau tih)
Vi du: Hé gébm 3 céu tit HCI, Cl,, H, déu la céc chét khi c6 tuong tic,nam can bang véi
nhau: 2HCIK)  <=> Hy(k) + CL(k)
AA
[Helf
do cua cau tlr con lai.
Vay hé c6: R=3, g=1, ==> K=R-q=2
Néu gia thiét ban dau hé chi ¢6 HCI ( hoac cho ti 1€ mol H,:Cl, ban dau) => q=2 => K=1
4.Bdc tu do cua hé(C): La so t6i thiéu cc thong so6 trang thii cuong do (P,T,C) du dé xac

=> biét dugc nong do cua 2 cdu tir s€ biét duoc nong

dinh trang thdi can bang cta 1 hé ( 1a s6 thong s6 trang thai cudng do c6 thé thay déi
lcach doc 1ap ma khong lam bién déi s6 pha ciia he)
Vi du: H,0(1) <=> H,0(k)
==> can biang ¢6 2 pha==> C=1 vi

+ C6 thé thay d6i 1 trong 2 thong s6 P hoac T ma khong lam thay déi s6 pha ctia
hé.



+ Hoac: 6 mot nhiét do xdc dinh thi P hoi H)O ndm can bang véi H,O 16ng 1a xéc
dinh, titc 12 chi can biét 1 trong 2 thong s6 T hodc P thi xdc dinh duge trang thai can bang
cua hé.
5.Cdn bdng pha: Can bang trong céc hé di thé, & d6 cdc céu tlir khong phan ting hoa hoc
v6i nhau nhung xdy ra cdc qua trinh bi€n d6i pha ctia céc cau tir => can bing pha.

II. QUY TAC PHA GIBBS.

Xét hé gom R cau tu 1,2,....R dugc phan bo trong ¢pha (a, B,7,...,¢ pha)
1.Diéu kién dé cac pha ndm cdn bang véi nhau: Dam bio céc can bang sau:
- Can bang nhiét: nhiét do & cic pha bang nhau

T, =T, =T, =..=T,

-Can bang co: dp suat ¢ cic pha bang nhau
P,=P,=P =..=P,
-Can bang hod: th€ hod ctia mdi cu tlr trong céc pha bang nhau:

Mo =My =M, =...= U
2.Qui tdc pha Gibbs
- Cac thong so6 trang thai cuong do xac dinh trang thai ctia hé 1a TP, C
Goi N, 1a nong do mol phan cua cdu tir i trong 1 pha thi N;+N,+N;+...+N=1

=> Vay dé x4c dinh ndng do ciia R céu tir trong 1 pha can biét néng do cta (R-1) cau
tu.

Vi ¢6 ¢pha => dé xac dinh néng do cua R cau tir trong ¢pha thi s6 ndng do can
bict1a ¢ (R-1).

Tir d6 so6 thong s6 trang thai cuong do xac dinh trang thai cua hé 1a

¢ (R-1)+ 2
trong d6 s6 2: bi€u thi 2 thong s6 bén ngoai 1a T va P x4c dinh trang thai ciia hé
Vi cdc pha ndm can bang v6i nhau => cdc thong s6 khong doc 1ap v6i nhau nita: ¢ ¢6 lién
hé v6i nong do ma khi can bang thi 4 clia mdi c4u tir trong cdc pha phai bang nhau ( diéu
kién can bang hoa)
ty (@)= (B)=...= w1, ($)
My (@)=, (f)=...= 1, (9)

pp(@) = g (B) = ... = 11z (9)
=> MOoi cdu tlr ¢6 (¢-1) phuong trinh lién hé ==> R c4u tir ¢6 c6 R(¢-1) phuong trinh
lién hé gitra cac thong so.
Néu c6 thém q phuong trinh lién hé néng do cac céu tu, vi du: khi c6 phan tng hoa hoc
gilta cac cau tlr thi s6 phuong trinh lién hé cac thong so trang thdi cuong do cta hé la:
R(¢-1)+q



Bac tu do ctia hé = Cac thong so trang thai — s6 phuong trinh lién hé gitta cac thong s6
= C=[¢(R-D+2]-[R(g-1)+q]
= C=R-q-¢+2
> C=K-q+2 => Biéu thic todn hoc cua quy tac pha Gibbs
* Nhan xét:
+ Khi K tang, => C tang, ¢tang va C giam.
+Bactudo C>20=¢<K+2
+Néu trong diéu kién dang nhiét hoac dang 4p thi: C =K -¢ + 1 (Néu phuong trinh
c6 An=0=> P khong anh hudng t6i phan ting --> dung phuong trinh nay)
+Néu hé vira ding nhiét vira diang 4p thi C=K- ¢
Vidul: Xét hé 1 cau tt (R=K=1), vi du nuéc nguyén chat
- Néu 6 trang thai hoi => ¢=1 => C= K-¢+2= 1-1+2=2 => trang thdi cta hoi nudc duoc
xéac dinh bai 2 thong s6 trang thai cuong do la T va P
- Néu hoi nudc nam can bang véi nude 16ng thi ¢=2=> C=1-2+2=1 => trang thdi ctia hé¢
gom H,O 1ong va hoi dugc xac dinh bdi 1 trong 2 thong s6 1a T hoac P ( vi ¢ Inhiét do
xac dinh thi P ctia hoi nuéc la xac dinh)
Vi du2: Xét hé gom: Mg(OH), (r) <=> MgO (r) + H,0(k)
¢ =2 pha ran + 1 pha khi =3 pha
C=R-q+2=3-1-3+2=1
=> duoc phép thay déi 1 trong 2 thong so 1a T hodc P ma khong 1am thay déi s6 pha cua
hé hoac trang thdi can bang dugc xac dinh bang 1 trong 2 thong s6 T hodc P, ,,

IIL.CAN BANG PHA TRONG HE 1 CAU TU
1.Cdn bang pha trong hé 1 cdu tu
Xét hé gom 1 chat nguyén chat, khi trong hé c6 2 pha nam can bang nhau:
Rén(R) <=> Long(L)
Long(L)<=>Hoi (H)
Rin (R)<=>Hoi (H)
(R < R¥W)=>vihe 1 céiu tr, s6 pha <3(3<K+2)
=> C= K-¢+2 =1-2+2 =1 (R=K-1) trang théi can bang giita hai pha dugc dic trung
bdi hodc T hodc P, tic 12 néu 1 trong 2 thong s6 trang thai 1a P hodac T bién dai thi thong
s0 kia phai bién déi theo: p=f(T) hoac T=f(P). Cu thé 1a :
- & P=const=> chit nguyén chat néng chay, soi hodc chuyén trang thdi tinh thé & 1 nhiét
do nhat dinh, dugc goi la nhiét do chuyén phaT,;, nhiét do nay khong bi bién dé6i trong
sudt qua trinh chuyén pha. Khi ap suat thay déi => T, thay déi theo.
Vidu: & P=1atm, nuéc nguyén chat dong dic & 0°C va soi ¢ 100°C
& P=2atm, nudc nguyén chat dong dic & —0,0076°C va soi & 120°C



-6 T=const, hoi ndm can bing véi 10ng va ran c6 P nhat dinh goi 1a P hoi bao hoa (hoi d6
duogc goi la hoi bao hoa)
Céc dudng cong biéu thi su phu thudc clia Py 15, oy Ca pha rdn vao nhiét do, ctia pha 1ong
vao nhiét do va nhiét do néng chay vao P cit nhau tai 1 diém goi la di€ém ba, & di€ém ba
nay ba pha ran 16ng hoi (R, L, H) nam can bang véi nhau:

R L

\/

Khi d6 C=1-3+2 =0 => vi tri diém ba khong phu thuoc vao T va P ma chi phu thudc vao
ban chat chat nghién ctu.

2. Anh hudng ciia dp sudt dén nhiét do néng chdy, séi va chuyén dang tinh thé ciia
chdt nguyén chdt
Vi hé 1 célu tir nén thé héa dong nhét véi thé dang d4p mol (G=p,). Khi T, P khong déi
diéu kién can bang gitta hai phao va [ la:
G® =G®

Vi hé ¢6 C=1 nén néu mot thong s6 bién d6i, vi du, dp sudt bién d6i mot lugng dP thi
muon hai pha ton tai can bang, nhiét do ciing phai bién déi mot luong dT. Khi d6 the
dang 4p mol phai bién déi:
G(a)_ > G(a) + dG(a)
G(B)_ > G(ﬁ) + dG(ﬁ)
Sao cho: G +dG =GP +dGP => dG' =dG"™
Thay vao cong thitc: dG= VdP —SdT ta c6:
V»dP - S“dT = VPdP — SPdT
g d_T: V(a) _V(B) :AV

dP S@-sP AS

C6 AS= % suy ra:

T T, AV
a1 _ 1,4V => phuong trinh Clapeyron
dP  AH,

Trong d6 AH dugc tinh bing J thi AV tinh bang m?®, T bing K va P bang Pa.
- Khi mot chét soi thi AV =V,- V,>0 va AH,,>0 (hh:héa hoi), nén ap suét bén
ngoai tang thi nhiét do soi tang theo.
- Khi néng chay AH . >0 va da s6 truong hop AV =V -V, >0, do d6 P tang thi
nhiét do néng chay tang. Poi v6i nude V<V, nén AV <0 nghia la 4p suit tang
thi nhiét do néng chay cua nudc giam.



3. Anh huéng ciia nhiét do dén dp sudt hoi bao hoa ciia chdt nguyén chdt
Xét cac truong hop: L <=>H

R<=>H
VIiV,V,<<V,=> AV=V, -V, ~V, VA AV =V, -V =V,

Néu hoi dugce coi 1a khi 1y tudng,xét doi v6i 1 mol co:
V, = % thay vao phuong trinh Clayperon c6:

dP_ AH, AH, A,
ar T,AV T,V TR

= d—P:AHdT (Vid—P:dlnP)néncé:
P RT’ P
dinP AH .
= -> phuong trinhClaypeyron-Clausius
aT R p g ypey
Trong khoang nhiét do hep -> ¢6 thé coi AH = const khi d6 c6
P, AH(1 1 .
In—=2%=—| ——— *) P,,P, : cing don vi
P, R\T T,
R=8,314J.K"".mol!
AH :]

Biéu thtc (*) cho biét c6 thé:

- Tinh dp suat hoi bido hoa ¢ nhi¢t do T,(hodc T,) khi bi€t P ¢ nhi¢t do T, va AH ,

- Tinh nhiét d¢ soi ¢ P bat ki khi biét nhiét do soi 6 mot dp suat nao dé va AH ,y peie
Tinh AH bang cach do P, va P, 6 2 nhiét do khéc nhau.

Tai liéu tham khao:

1. Nguy%n Dinh Chi, Co S¢ Li Th}lyét Hoéa Hoc, NXB GD, 2004.
2. Nguyén Hanh, , Co So Li Thuyét Hoa Hoc, Télp‘Z, NXB GD 1997.
3. Lé Mau Quyén, Co S¢ Li Thuyét Hoa Hoc - Phan Bai Tap, NXB KHKT, 2000.



CHUONG V DUNG DICH

LHE PHAN TAN
1.Pinh nghia: La hé¢ gom 2 hay nhi€u chét trong d6 chat nay dugc phan bo trong chat kia
dudi dang nhitng hat rat nho.
- Chat phan bo duoc goi la chat phan tan, chat kia 1a moi truong phan tan. Chat phan tan
va moi trudong phan tén c6 thé & 1 trong 3 trang théi: ran, 10ng hay hoi.
Vidu: Buong tan trong nuéc => dudng la chat phan tan, H,O 1a moi truong phan tan
- Dua vao kich thuéc cua hat phan tan, chia lam 3 hé phan tan:
a.Hé phan tdn thé: Kich thuéc hat tir 107-10"*m
-Dic diém: Khongbén,chat phan tén dé tach ra khoi moi trudng phan tan.
-Co6 2 dang:

+ Huyén phui: chat phan tdn 1a ran, pha phan tdn 12 16ng. vi du: nuGc phu sa

+ Nhii tuong: chat phan tan la 16ng, moi trudng phan tan ciing 1a 16ng vi du: sita c6
lan nhitng hat m& lo ling
b.Dung dich keo: (Hé keo): Kich thudc hat tir 107 —10°m
- Dac diém: twong d6i bén
c. Dung dich thuc (dung dich): Kich thuéc hat 10'°m (bing kich thu6c phan tir hodc
ion), trong d6 chat phan tan va moi truong phan tan duogc phan bé vao nhau dudi dang
phan tir hodc ion, giita ching khong con bé mat phan chia, tao thanh 1 khoi dong thé goi
l1a dung dich thuc
Chat phan tan duoc goi la chat tan, moi truong phan tan duoc goi la dung moi
-Dic diém: Hé nay rit bén
2.Cac loai nong do
-Nong do % (C%): 1a ti 1& % khoi lugng chat tan so véi khoi luong dung dich (C%chinh 1a
lugng chét tan c6 trong 100g(100kg) dung dich)

a
a+b

-Nong do mol/lit (Cy): 1a s6 mol chat tan c6 trong 1 lit dung dich
-Nong d6 duong luong (Cy):S6 mol duong luong chat tan ¢6 trong 1 lit dung dich
-Nong do molan (¢) 1a s6 mol chat tan c6 trong 1000gam dung moi

C% = 100%  a,b luogng chit tan va lugng dung moi, tinh bang g (kg)

n

i

-Nong do phan mol: N, = .
II. PUONG LUONG (D)

Trong cac phan tng hoa hoc, cac chat tic dung vira di v6i nhau theo nhitng s6 phan khai
luong tuong duong goi la duong luong.

Chon duong lugng cua H lam don vi D=1

1.Dinh nghia duonglugng

- Puong lugng ctia mot chat hoac cta 1 nguyén t6 la phan khéi luong cua chat hoac
nguyén t6 do6 tac dung vira da vé6i 1 duong luong ctia H.

Vi khong phai moi chat déu phan tng v6i H => dinh nghia dugc mé rong nhu sau:



Puong lugng cta 1 nguyén t6 hay 1 hop chét 1a s6 phan khai luong ctuia né tac dung vira
du vé6i 1 duong lugng cua 1 chat bat ki
Vi du: Cl,+ H, = 2HCl1
Cl, + Zn =Zn(Cl,
=> 71 phan khoi luong cta Cl, tac dung véi 2 phan khéi luong cia H
Vay dé két hop vé6i 1 duong lugng ctia H chi can 1 khéi luong cua Cl, biang khéi luong
nguyén tir cia n6 => b=35,5, b,,= 32,5
-Mol duong lugng ctia mot chat: 1a khoi lugng tinh ra g ¢6 gid tri ding bang duong luong
Vi du: Dy=8¢g
2.Cach tinh duong luong
a.Puong luong cua nguyén to
A

b=—

" A: khoi luong nguyén tir nguyén to

n: hod tri nguyén to

Véi nguyén to c6 nhiéu hod tri
khac nhau s& c6 nhiéu duong luong va duong lugng ctia chiing gan véi 1 phan tng cu thé
ma ching tham gia.

b.Puong luong cua hop chdt

M <
b= . M: khéi luong phan
n: tuy tng trudng hop

Céch xac dinh n
- Dai v6i phan tng oxi ho khir: n 1a s6 e trao doi tng v6i 1 phan tir chat d6 (n 1a so
e ma 1 phan tir trao ddi trong phan ting)
- Dai v6i phan ting trao déi: n 1a s6 dién tich (+) hodc (-) ma 1 phan tir chat d6 trao
déi trong phan tng

A/[sto4 98
Puso=—7=7=%
M
DNaOH(l) =10 - ﬂ =40
1 1
My s 98
b = 2 =" =49
H,50,(2) ) 5
M
DNaOH(Z) = ol — ﬂ =40
1 1
- Dai v6i trudng hop tinh duong luong clia mot chat khong ¢6 phan ting cu thé thi:
p-M
n

+ Dai véi axit: n la s6 H axit trong phan tur
+ Dai véi bazo: n la s6 nhém OH™ bazo trong phan tir



+ Doi véi muoi: n 1a s6 dién tich (+) hoac dién tich (-) ma cac ion mang
trong 1 phan tur.

M
, . M Nayso, M ans0,),
Vi dl.l- DNa2SO4 = B ’ DA12(504)_., = 6
A A .~ N CN
+Moi quan hé gitta C; va Cy: Cy=—
n

3.Dinh ludt duong luong
Céc chat tac dung vira du v6i nhau theo céac khoi lugng ti 1€ v6i duong luong ctia ching.

b . . 0 e . .
L D_A m, la khoi luong chat A tac dung vura du v6i khoi luong my chat B
mpg B
=> g—f‘ =% => n duong luong chit A phan tng vira d v6i n duong lugng chat B ( S6
A B

duong luong chat A bang s6 duong lugng chat B)
=> Néu c6 V(1) chat A nong do mol duong luong 1a C,, phan ting vira du v6i V(1) chat
B nong do mol duong lugng la C, thi

Vi.Cy =Vp.Cy ~ ->ting dung nhiéu trong chudn do thé tich

Vi du: D€ trung hoa 25ml NaOH céin 28ml dung dich axit 0,IN => tinh luong NaOH ¢6
trong 11 dung dich d6?

Giai
Goi x 1a nong do duong luong mol cia NaOH
=>x.25=0,1.28 =>x=28.0,1/25

Pr.on=40=> s6 g NaOH c6 trong 1 lit dung dich la
m=40.x=40.28.0,1/25=4,48¢g
[IL.DO HOA TAN
1.Qua trinh hoa tan. Nhiét hoa tan cua moét chat
Qua trinh hoa tan (khong phai 1a qua trinh tron 1an) géom qua trinh

+ Quad trinh phan tan chét tan( duGi dang nguyén tlr, phan tir,ion) vao trong khap
thé tich dung moi.

+Qua trinh tuong tac gifta cdc phan tir ctia dung moi véi cac phan tlr cua chat tan
=> tao thanh dung dich (hgp chat hoa hoc)
Hop chit hoa hoc tao thanh goi 1a hop chat sonvat, n€u dung moi 1a nude thi goi 1a hop
chat hydrat.
=> Qud trinh hoa tan c6 su pha v lién két cung loai dé tao lién két khac loai va c6 thé
bi€u dién béng so do:

TT + dm AH_’”» T drr
AH, > Ol l
AH <0

T+T + dm
Trong d6: T chat tan



dm dung moi
AH ,, nang lugng phan tdn ( cén tiéu ton -> AH, >0)

AH , nang lugng qua trinh sovat (Qua trinh la toa nhiét --> AH  <0)

(Néu dung moi la nuée -> AH,, = AH, nhiét hidrat hod)

AH,, nhiét hoa tan
Theo so do trén ta c6:
AH, =AH , +AH | (do AH, <0,AH, >0 --> AH, c0 thé am hoac duong)

+Néu AH ,, >AH = AH, >0: qud trinh hoa tan thu nhiét, d6 la qua trinh hoa tan
cua da s6 chét ran vao trong nudc.

+Néu AH, <AH , = AH, <0:qud trinh hoa tan toa nhiét, d6 la qua trinh hoa tan
ctia da so chat khi vao trong nudc.

+Néu AH ,, =AH_, = AH,, =0: Tron lan 1y tuong ( doi véi dung dich 1y tuong)
- Dinh nghia nhiét hoa tan ctia mot chat: La lugng nhiét toa ra hay thu vao khi hoa tan 1
mol chat d6 vao 1 lugng dung moi di 16n ¢ nhiét do va P xac dinh.
Vidu: Khi hoa tan 1 mol CaCl, vao H,O thodt ra 1 nhiét luong la 72,802 kJ, vay
AH , (CaCl,) = —72,802k].mol ™"

Do hoa tan: Qua trinh hoa tan: chat tan + dm <-> dung dich 12 mot qua trinh thuan
nghich, khi dat can bang chat tan khong tan thém nita tao thanh dung dich bdo hoa.
- Do hoa tan ctia mot chat duoc tinh bang nong do cua dung dich bao hoa chat d6 &
di€u kién da cho va ki hiéu 1a s.
- S¢6 thé biéu dién bang moi cach biéu dién néng do.
- Do hoa tan s cia mot chat phu thuoc vao:
+ Ban chat ctia dung moi va chat tan.
+ Nhiét do
+ Ap suat: (néu chat tan 1a chat khi).
a. Anh huéng ciia bdn chdt chdt tan va dung moi dén s
- Céc chat c6 cdu tao phan tlr tuong tu nhau dé hoa tan vao nhau, phan tir dung moi
phan cuc 16n thi hoa tan t6t cac chat phan cuc va nguoc lai.
- VD: Dung méi la H,O la phan tir phan cuc - chi hoa tan cac chiat ma fan tir phan
cuc hoac hop chat ion nhu HCI, NaCl..
H,O it hoa tan I, vi I, khong phan cuc
Benzen khong phan cuc = benzen thuc t€ khong tan trong H,O.
L, tan tot trong benzen = c6 mau tim.
C6 thé tng dung tinh chat nay trong tdch, chiét hitu co.
b. Anh huéng ctia nhiét do t6i do tan
CT+Dm<=>Dd, AH

- Néu AH, >0 (hoa tan da so céc chat ran):

ht



+ Khi nhiét do tang -> can bang chuyén dich theo chiéu thuan—> do tan
tang.
+ Khi nhiét d6 gidm -> can bang chuyén dich theo chiéu nghich-> do tan
giam.
Trong mot s6 trudong hop cé thé diéu ché dung dich qui bao hoa c6 nong do 16n hon do
hoa tan s & nhiét @6 T-> dung dich qua bdo hoa khong bén.
- Néu AH,,<0 (hoa tan da so6 chat khi)
+ Khi nhiét do tang -> can bing chuyén dich theo chiéu nghich-> do tan
giam.
+ Khi nhiét do giam -> can bing chuyén dich theo chiéu thuan—> do tan
tang.
c. Anh huéng ciia P (d6i véi chdt khi). Pinh ludt Henry
CTypy +dm <=>dd (*)
=  qua trinh hoa tan chat khi lam giam Annén:
+ Khi P tang => do hoa tan s tang
+Khi P giam => d¢ hoa tan s giam
Tu can bang (*) thay ring: Su tang P s& din dén su chuyén dich can bing sang phai. Néu
tang P 1én n 1an thi do hoa tan cta chat khi cling tang 1én n lan.
e Dinh luat Henry: & mot nhiét do khong déi, khoi luong chat khi hoa tan trong 1 thé
tich chat 16ng xac dinh ti 1¢ thuan v6i P cia n6 trén bé mat chat 16ng.
m= k.P
trong do: k- hé so ti 1& phu thudc vao ban chat cua chat khi, dung moi  va
nhiét do-> goi 1a hé s6 Henry.
P 4p sudt riéng phan cua chat khi trén mat chit 1ong.
Neéu trén mat chat 16ng c¢6 1 hon hop khi thi s cia méi khi ti 1& v6i P riéng phan cua timg
khi. Dinh luat Henry chi ding cho chéat khi ¢6 s nhd, & P khong 16n va khi khong tac dung
héa hoc v6i dung moi.
IV. TINH CHAT CUA DUNG DICH.
- Chi xét dung dich: + loang
+ chat tan khong bay hoi
+ chat tan khong tao dung dich ridn v6i dung moi.
VD: dd mu6i hoac dd duong = khi dun chi c¢6 H,O bay hoi.
Dung dich 1y tuéng: 1a dung dich ma g cta né tuan theo dinh luat twong tu nhu
dei véi khi 1y tuong. Cac dung dich rit loang dugc coi nhu dung dich 1y tudng. u
ctia cdu tu i trong dung dich ly tudng duge tinh theo cong thiic giong nhu doi véi
khi Iy twong: s, =, +RTInN,.
Tuy nhién vi P anh hudng rat it dén tinh chat cla chat 1ong nén & day £ va x4 hau
nhu chi phu thudc vao T.
=  dung dich xét ¢ day la (rat) loang-> coi la dung dich 1y tudng.
1. Ap suat hoi bao hoa ctia dung dich. Pinh luat Raun L.



Khao sat hé 2 cau tr: dung moi chi chita 1 chit tan ( cac két luan rit ra ciing diung cho
hé nhiéu céu tu).
Ki hiéu: 2 la chit tan, 1 la dung moi
)  :th€hoéa clia dung moi nguyénchat.
U : thé hda cua dung moi trong dung dich.
i, = +RTInN,

Vi N,<1 =>khi c6 mat chat tan , xcta dungdich s€ giam di 1 luong la (RTInN;).
a. Ap sudt hoi bio hoa ciia dung moi nguyén chdt (P)

L & H(dm) ( v6i chat 1ong L 1a dung moi nguyén chat)
Hoi nam can bang véi 16ng goi 1a hoi bdo hoa, hoi bdo hoa gay P hoi bdo hoa »> C=1-
2+2=1: 4p suit hoi bao hoa cua dung moi nguyén chat chi phu thuoc vao nhiét do. & cing
1 nhiét do, chit nao cang dé bay hoi thi P hoi bdo hoa cang 16n
Qua trinh bay hoi 1a qud trinh c6 AH >0 => khi nhiét do tang thi P, y;, ho. clNg tang.
b. Ap sudt hoi bdo hoa ciia dung dich (P, )
Chi xét dung dich chia 1chét tan va 1 dung moi: dd (L) <=>H
C=2-2+2=2

= Pyibio hoa U@ dung dich phu thudc vao ca T va C.
Diéu kién can bang pha (ctia chét 16ng va hoi ctia n6) & t°C, P xdc dinh la:
=
ma ! = u”" + RT In P, (tinh cho 1 mol).
ul =u +RTInN,

P
pi =y =>0= p" — " + RTIn—-

1

P Ql _ F)h , . .
Rinti =H “H _ onst & °C xdc dinh.
= b
Nghia la N k, =const =>P=k.N;
Khi N, =1 (chat nguyén chat) thi k=P, 1a 4p suét hoi cia cau tlr i nguyén chat. T d6 co:
Pi= PiO.Ni
K&t luan:

- Khi Ni<1 (thém chat tan vao dung dich) => P; < P.’: dung dich chita chat tan khong
bay hoi thi Py, g hoi bio hoa U@ dung dich luon nho hon Py, ¢ hoi bio hoa €2 dung moi
nguyén chat & cung nhiét do.

Néu nong do dung dich cang 16n => Py, (s noi bao noa CU@ dung dich cang nho.
c. Dinh ludt Rault 1
Goi N, 1a nong do phan mol cta dung dich
P, va P, 1an 1ugt 1a Py, s noi bao noa €U dung dich va dung moi nguyén chat & cling
mot t°C.
Thi: P, =N,.P, ,



ViN= 1-N,
PI,O - Pl £ AP n,
P

:]V2 => —:N2:
P n +n,

P

Trong d6: AP : do giam ap sudt hoi bao hoa cua dung dich so v6i dung moi.

AP la do giam ap suat hoi bao hoa tuong doi cua dung dich

1,0

n,: s6 mol chit hoa tan

n,: s6 mol dung moi.
Néu dung dich loang(N,-> 1)=> n,>>n, thi:
AP _ M _ Biéu thitc cha dinh luat Rault I
P, n
Phét biéu: Do giam twong doi cua dung dich chita chat hoa tan khong bay hoi ti 1€ véi s6
mol chat tan ¢ trong 1 lugng dung moi xac dinh.
2. Nhiét do soi va nhiét do dong dac cua dung dich. Pinh luat Rault 11
a.Nhiét do soi cua dung dich
* Nhiét do soi ciia chdt [ong: La nhiét do & d6 ap suat hoi bao hoa clia chat 10ng bang ap
suat bén ngoai.
Xétcanbang L & H
C=2+2-2=2
Vay nhiét do soi cua dung dich ngoai su phu thudc vao ap suat bén ngoai con phu thuodc
vao nong do chat hoa tan.
-G ap suat bén ngoai nhu nhau, khi dung moi nguyén chat soi thi dung dich chira chit tan
khong bay hoi s€ chua s6i vi ap sudt hoi bao hoa ctia dung dich luén luon nho hon 4p suét
hoi bao hoa clia dung moi nguyén chat & cung 1 nhiét do. Vay dung dich chita chat tan
khong bay hoi c6 nhiét do soi cao hon dung moéi nguyén chat.
- Do tang nhiét do soi cia dung dich so v6i dung moi nguyén chat Ar, dugc tinh theo cong
thirc Rault 2:

m
At =k &=k —
N Sé SM

trong d6 At =t 44-t, g (tsqq: Nhiét do so61 dung dich, t4,: nhiét do s61 dung moi nguyén
chét, & nong do molan; k,: hang s6 nghiém s6i (chi phu thudc vao ban chat dung moi).

- Khi dung dich s6i thi hoi bay ra la cia dung méi nén nong do dung dich tang dan, do d6
nhiét do soi ctia dung dich tang dan, nhung khi dat dén dung dich bao hoa thi hoi dung
moi bay ra lam cho chat hoa tan két tinh lai, ldc ndy nong do dung dich khong thay déi va
nhiét do soi ctia dung dich khong bién déi nita. Van dung quy téc pha ta c6: C=2-3+2 =1.
Nghia 12 khi xuat hién tinh thé chat tan thi nhiét do soi ctia dung dich chi con phu thuoc
vao ap suat bén ngoai.

b. Nhiét do dong dac cua dung dich chita chat tan khong bay hoi

Nhiét do dong dac ctia chét 1ong 1a nhiét do & d6 ¢6 can bang sau: R <& L



Doi v6i dung dich ta c6: C=2+2-2 =2

Vay do dong dac cua dung dich ngoai su phu thudc vao ap suat bén ngoai con phu thuodc
vao nong do chat hoa tan.

Nhiét do dong dac ctia dung dich chita chat tan khong bay hoi luén thdp hon dung moi
nguyén chit. Va tuan theo dinh luat Rault 2:

m
At, =k,& :kdﬁ

trong d6 Ar, =t g4t am -K: hang s6 nghiém dong (chi phu thudc vao ban chat dung moi).

3. Su tham thau va ap suat tham thau:

a. Su thdm thdu

La su khuéch tdn mot chiéu cla cdc phan tr dung moi qua mang ban thAim (mang ban
tham 1a mang chi cho cac phan tir dung moéi di qua ma khong cho cac phan ti chat hoa tan
lot qua). Hién tuogng nay thdy rat rd khi hai bén cua mang ban thdm chita dung dich cé
nong do khac nhau hoac 1 bén la dung dich con bén kia 1a dung moi nguyén chét; khi d6
cac phan tir dung moi s€ khuéch tan tir dung dich loang hoac tir dung moi nguyén chat
sang phia bén kia nhiéu hon su khuéch tdn theo qua trinh nguoc lai, do d6 1am tang thé
tich cua dung dich phia bén kia.

b. Ap sudt tham thédu

Hién tuong tham thau 1am cho muc dung dich & mot phia clia mang ban thim dang lén
cao. Chiéu cao cua cot dung dich nay tao nén mot ap suat 1am cho hién twong thim thau
ngimg lai. 4p suat dugc tao ra boi cot dung dich nay dic trung dinh lugng cho su thim
thau va dugc goi 1a 4p suat tham thau P. N6 duoc tinh theo cong thic:

PV=nRT="2RT
M
Trong do: V Ia thé tich cta dung dich
n=""" 56 mol chat hoa tan.
M

R: Hang so6 khi 1i tudng.



CHUONG IX: DUNG DICH CHAT PIEN LY

I.TINH CHAT CUA DUNG DICH DIEN LI
1.Chat dién ly
La chat khi hoa tan trong nudc, cac phan tir ciia nd phan ly nhiéu hay it thanh cac ion.
Nguyén nhan co ban cua su phan li phan tir thanh ion la do tuong tac giita cac chat dién li
va cac phan tir dung moi d€ tao thanh cac ion bi hidrat hoa.
Vidu: NaCl + mH,0 = Na".nH,O + Cl'(m-n)H,O0.
Cac gia tri m, n thuong khong xac dinh dugc va phu thudc vao nong do va nhiét do nén
thuong duoc viét:

NaCl + aqg =Na'".aq + Cl.aq

aq: Luong nude khong xac dinh
2. Chat dién li manh: La chat khi tan trong nudc, tat ca cac phan ti ctia n6 phan ly thanh
ion.

Vi du: chat dién ly manh bao gom:

+ cac mudi trung tinh: NaCl, NaBr, Na,SO,, NaNO;,...;

+ Cac axit manh: HCl, HBr, HI, HNO,, H,SO,, HCIO,;

+ Cac bazo manh: NaOH, KOH,...

Dé chi su dién li manh, trong phuong trinh dién li duoc ghi bang diu “->”

Vidu: NaCl + aqg 2 Na*.aq + Cl.aq

Nguoi ta thuong viét phuong trinh nay mot cach don gian nhu sau:

NaCl - Na* + CI
3. Chat dién li yéu: cac axit hitu co HCOOH, CH;COOH, mot s axit vo co: H,S,
H,CO;, H,SO,;, HCIO, HCIO,, HCIO;, H,Si0O;, HF..., cidc bazo yéu va bazo it tan: NHs,
Mg(OH),, Fe(OH);, cac muoi it tan: HgCl,, Hg(CN),, CdCl,,...

La chat khi hoa tan chi ¢6 mot phan cac phan ti bi phan ly thanh ion, trong dung dich
chit dién ly yé€u ton tai can bang dong giita cac céc ion va cac phan tir khong bi phan ly.
D¢ biéu thi su dién ly khong hoan toan, trong phuong trinh dién ly cta chat dién ly yéu
dung dau “[1”

Vi du: Trong dung dich axit acetic ton tai can bang

CH;COOH [ H* + CH;COO
4. Tinh chat bat thuong cua dung dich chat dién li so v6i dung dich chat khong dién
li
- Dung dich chat dién li dan dién t6t, d6 1a do trong dung dich c6 cac phan tir mang

dién l1a ion.



- Dung dich chat dién li ¢6 do giam dp suét hoi AP', do tang nhiét do soi Az, do
giam nhiét do dong dac Ar',va ap sudt thaim thau P’ déu 16n hon so vé6i dung dich
chit khong dién li cing nong do:

AP Af P

AP A P

Tinh chat bat thuong nay do cac phan ti chat dién li phan li thanh céac ion 1am s6 phan

i>1

tir trong dung dich tang 1én. Cac tinh chat trén ctia dung dich phu thudc vao nong do

céc phan tir nay. Tir d6 c6 thé tinh i bang c4ch sau:

S6 phan tlr c6 trong dung dich

S6 phan tlr hoa tan
S6 phan tir trong dung dich bang s ion dugc tao thanh cong véi s6 phan tir chua bi
phan li thanh ion.
IL. PO PIEN LY
Dé d4nh gia muc do dién ly cua ting chat—> dua ra khéi niém do dién ly o.
1.Dinh nghia:
S6 phan tlr bi phan ly

Tong s6 phan tir bi hoa tan

- Dai véi chat dién ly yéu: o<l.

- Doi v6i chit dién ly manh: theo 1y thuyét => a=1 nhung trong thuc t€ a do duogc
béang thuc nghiém luon <1 (chi dung dich rat lodng mdéi ¢6 a=1). Gia tri do duoc
bang thuc nghiém luon <1 duge goi 1a do dién ly biéu kién.

* Giai thich:

- Doi v6i chat dién ly yéu => s6 ion c6 mat trong dung dich it => khoang céach gitta
cac ion 16n => bo qua luc tuong tac tinh dién gitta cac ion.

- Dai véi chat dién ly manh:

+ Trong dung dich loang -> khoang cach giita cac ion 16n => bd qua tuong tac tinh
dién gitta cac ion.
+ Trong dung dich dic -> s6 ion ¢6 mat trong dung dich nhiéu => khoang céch
gitta cac ion nho =>Khong bo qua tuong tac tinh dién gilra cic ion, cac ion hit
hoic ddy nhau din dén hién tugng bao quanh 1 ion c6 thé c6 nhiéu ion trdi dau tao
“khi quyén ion” => ¢6 hién tuong nhu 1 s6 phan tir khong dién ly.

2.Cach xac dinh o

Goi N 1a s6 phan tu hoa tan, q 12 s6 ion ma 1 phan ti phan ly ra.

S6 phan tlr bi phan ly 1a aN, do d6 s6 ion tao thanh 1a a..N.q

S6 phan tir con lai khong phan ly 1a N - a.N

S6 phan tir c6 trong dung dich 1a N’= S6 ion + s6 fan tit khong phan ly

=qaN + (N -aN)



Dua vao cong thiic nay ta c6 thé tinh dugc o
I ¢6 thé x4c dinh bang thuc nghiém tir viéc do do giam nhiét do dong dac hodc do giam
Pligi bio hoa NOGC U At

At, At, AP
1= = =
At At, AP
nhung i do dugc tr viec do Az, hoac AP cho két qua kém chinh xac so véi viéc do Az,
o A, . .
nén thuong x4c dinh 1 tw viéc do Az,": i = A—d Biét 1 tinh dugc o va ngugc lai.
td

Vi du: Mot dung dich chira 8g NaOH hoa tan trong 1000g nudc dong dac ¢ -0,677°C.
Hay x4c dinh o .
Giai:
Vi g=2
Aty
1=----- Aty’ = ty(dm) - ty(dd) = 0- (-0,677) = 0,677°C

9 1,821
Aty =k,.C= 1,86.4—0 =0,372 > a = H

[II. CAN BANG TRONG DUNG DICH CHAT PIEN LY YEU
1. Hang so dién ly

= 0,82 hay 82%.

Trong dung dich chat dién ly yéu AB ton tai can bang sau:

AB [J A*+B
Hang s6 dién ly clia phan ting Kz%

K phu thudc vao ban chat ctia chiat AB va nhiét do. Do6i v6i moéi chat nhat dinh & T=
const thi K 12 hang s6. K dac trung cho kha nang dién ly cua chét dién ly yé&u, K cang 16n
thi kha nang dién ly cua chat dién ly cang manh va nguoc lai.

2. Moi lién hé giita K va o. Pinh luat pha loang Ostwald

AB [ A*+B
Ban dau: C 0 0
Can bang C-Ca Co Ca



K =

Cong thitc todn hoc cua dinh luat pha loang

@
|
@
Q
|
Q

Ostwald

Tir cong thitc nay nhan thdy ring C cang nho thi o cang 16n, ¢6 nghia 1a dung dich
cang loang thi do dién ly cang I6n.

Khi d¢ loang 1/C — © thi o — d6i v6i chat dién ly yéu & nong do vo cung loang thi
¢6 thé coi qud trinh dién ly 12 hoan toan.

C6 thé x4c dinh dugc o ¢ cac C khéac nhau néu biét K va nguoc lai

o 4

1

— 1/C

Neua<0,05thil-a~1—>a’..C=K

K
—>a=,[—
C

3. Dich chuyén can bang trong dung dich chat dién ly yéu
- Su dién ly ctia chat dién ly yéu l1a phan Gng thuan nghich => can bang trong dung dich
chat dién ly yé€u ciing tuan theo moi qui luét ctia can bang hoa hoc.
VD: xét can bang trong dung dich CH;COOH
CH,COOH (1 CH;COO +H*
Néu tang thém ndng do cua ion axetat bang cach thém mot vai tinh thé mudi axetat natri
thi theo nguyén 1y dich chuyén can bing can bing s& dich chuyén tir phéi sang trdi, sao
cho nong do cta ion axetat giam di, nghia 1a 1am giam do dién ly cta axit.
* K&t luan: Khi tang nong do ctia ion dong loai véi ion ctia chat dién ly thi do dién ly cta
chat dién ly yéu giam di.
IV. THUYET AXIT- BAZO CUA BRONSTED
1.Dinh nghia axit-bazo
» Axit 1a tiéu phan (ion hay phan tr) ¢6 kha nang cho H* (proton).
» Bazo la chat c6 kha nang nhan H*,
Vidu 1: Trong dung dich HCI
HCl+ H,O = CI + H0* (1)
axit, bazo, Dbazo, axit,
ax, - bz,: HCI/CI



ax, - bz,: H;0"/H,0 la 2 cap axit bazo lién hop
Vi du 2: Trong dung dich NH;

NH,+ H,O [0 NH," + OH"

bz, ax, ax, bz,

ax,- bz,- NH,"/NH,
ax,- bz,- H,O/OH
Nhan xét:
- Dinh nghia axit —bazo chi ¢6 tinh chat tuong d6i: H,O & (1) 1a 1 bazo nhung & (2)
thi H,O lai 1a 1 axit.
- Do manh cua 1 cap axit —bazo ngoai su phu thuoc vao ban chat cta cap d6 con
phu thudc vao d6 manh ctia cap cling ton tai v6i né trong dung dich.
- Doi véi mot cap axit —bazo lién hop néu axit cang manh thi bazo lién hop cua né
cang yéu va ngugc lai.
2. Tich so ion cua nudc - chi s6 hydro (pH)
Nudc 1a chat dién ly rat yéu, vira ¢6 tinh axit va vira c6 tinh bazo:
H,O + H,O r OH + H;0"
B0 Jon |
= K, =*~—~—5—
[H,0]

Vi H,0 la chét dién ly rat yéu => [H,0ly, = C,, 5 van diu.
=> K.[H,0]= [H30+ ][OH‘] = const=K,, , = Tich s6 ion cta H,O.
=> Trong nudc nguyén chat : [H30+ ]: [OH’ ]z \/a

Ko chi phu thugc vao nhiét do: K, ,=10"* &25°C.

Trong nudc nguyén chat(moi truong trung tinh) : [H3O+ ]: [OH’ ]: VKo

625°C [H,0"|=[oH " |= /K, o =107 =107 (mol /1)
Vay: - Moi truong trung tinh 2 moi trudong trong do [H30+ ] = [OH ‘] va ¢ 25°C
[H,0"|=10"M.

- Moi trudng axit 1a moi trudng trong d6 [H,0" |>|oH" | va &25°C [H,0"|> 107 M.

- Moi trudng bazo 1a moi trudng trong d6 [H,0" |<|oH ™| va &25°C [H,0" |<107 M.
3. Hang s6 dién ly axit-bazo
a. Hang so dién ly cua axit K,

Trong dung dich ctia axit yéu HA t6n tai can bang dong sau:

HA + H,0 < A" + H;0"

g 10 A]

a [H A] =const 0 T= const



K, 12 hdng s6 dién ly cua axit trong nuéc, dac trung cho do manh cua axit. K, cang cao
thi axit cang manh. K, phu thudc vao ban chit cua axit va phu thudc vao nhiét do.
- Axit manh : khong dung K, vicoi a~1.
- Axit yéu (0 < @ < 1) ¢6 hing s6 can bang K,.
b. Hdng sé dién ly cua bazo K,
Trong dung dich clia bazo yéu B ton tai can bang dong sau
B+ H,O [0 BH" + OH

K - [BH[E?H]

K, 12 hing s6 dién ly ctia bazo B, phu thuoc vao ban chét cha bazo va nhiét do. O T=
const thi K, = const.
4.Moi lién hé gitra K, K, cta 1 cap axit-bazo lién hop

Xét mot cap A/B lién hop. Khi hoa tan trong nuée xay ra qua trinh dién ly nhu sau:

A +H,O 1B+ H;0" K,
B +H,0 [J A+OH K,
Bl [alfon]

N [B]
16 =V O]y or -, =10 s

Vay daoi v6i 1 cap A-B lién hop thi K, K, = [H;O*][OH] = K}j,o = 10"
Trong 1 cap axit - bazo lién hop néu axit cang manh thi bazo cang yéu va ngugc lai.
VD: K, cn.coom =175.107

K =107/1,75.107 =5,71.10™"" >K , ,, »,

b(CH,CO0™)
=  CH,COO' trong nuéc thé hién tinh bazo (yéu):
CH,COO + H,0 < CH,COOH + OH"
5. Chi sé hydro - do pH
pH = -1g[H;0"]
- Moi truong trung tinh [H30*]: 107 M => pH=7 6 25°C
- Moi truong axit ¢6 [HSO*]> 10"M =>pH <7 625°C

- Moi trudng bazo [H,07]<107M => pH >7 4 25°C
e Cich xdc dinh pH: + Xdc dinh bang may do pH.
+ St dung gidy do pH.

- Chét chi thi mau: La chat thay d6i mau theo gid tri pH. Thudng gap cdc chi thi mau
trong phong thi nghiém.
+Qui tim.
+Metyl da cam: chi thi moéi truong axit yéu.
+Phenol phatalein: chi thi moi trudng kiém.



- Khoang chuyén mau: 13 khoang pH trong d6 mau cua chi thi bién déi dugc. Dai
vdi chi thi mau ¢6 1 khoang chuyén mau xac dinh.
VD: phenolphtalein: + pH =0 —8: khong mau.
+ pH =8-10 : hong
+pH =10-14 d6 tham
Metyl da cam: + pH =0 —3: hong
+ pH =3-4,4 : da cam
+ pH =4,4-14 vang.
V. TINH pH CUA CAC DUNG DICH AXIT- BAZO- MUOI
1. Tinh pH cua dung dich axit manh 1 bdc
Xét dung dich axit manh HA, néng do C,, trong dung dich ton tai cdc can bang:
HA + H,O0 - A"+ H;0" (1)
2H,0 1 H,O0" + OH" (2)
Trong dung dich ton tai cac ion H;O*, OH", A".
Phuong trinh bao toan dién tich: [H3O+ ]: [OH‘ ]+ [A‘ ] Suy ra, ta c6 hé phuong trinh

S{Tloﬂ[om:mﬁ
[H,0°]=|or |+[a-]=[on ]+,

_ [H3O+]:[§L§] +C, 5[H0 [ -C[H0|-K,, =0

3

N [H30+]: C, +1/C52+ 4K,
Néu dung dich ¢6 C,> 3,16.107 (M) (pH<6,5: Tuy theo do chinh x4c yéu cdu ma c6 cic
diéu kién gan ding khac nhau, & day chap nhan néu pH<6,5 => moi trudng axit): bd qua
can bang (2): tic 1a bd qua [H;0*] do nuéc phan ly ra so v6i [H;O*] do axit phan ly. Do
do:
[H;O0"]=C, =>pH =-Ig C,
Vi du: Tinh pH ctia dungdich HCI 0,01M. HCl Ia axit manh va C,> 3,16.107 (M)
=  pH=-1g C,=-1g107%=2.
2. Tinh pH cua dung dich bazo manh 1 bdc
Trong dung dich ton tai can bang:
BOH =B* + OH"
2H,0 1 H;0* + OH
Néu dung dich khong qud loang C, > 3,17.10"M thi bo qua [OH] do nudc dién ly.
[OH] =G, — p(OH) = - 1gC,

pH + p(OH) = 14 —> pH= 14 + 1gC,



Néu dung dich qua loang C, < 3,17.107"M thi phai tinh dén [OH] do nudc dién ly ra,
do d6 dé giai dua vao tinh trung hoa vé dién tich va tich s6 ion cta nudc

HO' o =K,
ot |=[.0' ]+ [N =10+ c,

KH,O

fon -

+C, > o [ -c, Jon |-k, , =0

Giai phuong trinh tim dugc OH  — pH

VD: Tinh pH ctia dung dich NaOH 0,01M => pH = 14+ 1gC, =14-2=12.
3. Tinh pH cua axit yéu 1 bdc

Axit HA ¢6 nong do ban dau la C,

HA + H,0 0 A + H;0* (1)

2H,0 1 H,O*+ OH (2)

=>ta c0 hé: ‘ [HA

Giai phuong trinh bac 3 d6i v6i [H;0*] tim duge pH
Tuy nhién khong phai giai phuong trinh bac 3 ma ap dung cac phuong phap gan ding
VGi sai s0 < 5%
C a
K_ <100 thi c6 thé bd qua su dién ly clia nudc, do d6

a

* Néu Ca.Ka > 10" va 0,1 <

chi can xét su dién ly cua axit yéu

HA + H,O 0 A"+ H;0"

Bd C, 0 0
cb C,-x X X
2
X
K, = —— Giai ra fim duoc x - pH
C. —-x

’ . C o R
* Néu C,.K, > 10"* va K—a> 100 axit rat yéu x << C, ¢6 thé cot C,-x = C, —

a

®)

a

—>X =\/Ka C. s tinh pH



Vi du: Tinh pH ctia dung dich CH;COOH 0,1 M biét K, = 1,8.107

C,.K,=0,1.1,8.10°= 10> 102
c, 10"

= Te g 7100 [HO<<C,

a

CH,COOH + H,0 1 CH,COO" + H,0*

[1,0']=/K, .C, =/18.10°.10" — pH =—1g\/18.10° =2,87

4. Tinh pH cua bazo yéu 1 bdac

Xét can bang trong dung dich bazo yéu B (A 1a axit lién hgp cua B)
B+H,0 1 A+OH
2H,0 1 H;O"+ OH
Ly luan twong tu nhu trudng hop axit yéu thdy ring dé tim duoc [OH’] phai giai
phuong bac 3 . Di dén cac phép gan ding:

y C . . . , y
* Néu C,. K, > 1012 va0,l < K_b <100  thi chi xét phuong trinh dién ly clia bazo yéu
b

B+H,0 A+OH dat[OH]=x
bd G, 0O O
cb CG,-x X X

2
X

K, = C —x gl ra im duoc [OH]

C
* Néu C,.K, > 10"%va K—b > 100 bazo yéu x<< C, > C, - x = G,
b

Sx=[0H]=VGK, = Cbzﬁzo

5. Tinh pH cua dung dich muoi:

Muodi 1a san pham ctia phéan ting trung hoa gitta 1 axit va 1 bazo. Khi hoa tan mu6i
trong nudc né phan ly thanh cac ion bi hydrat hoa. Tuy vao ban chat clia cac ion ma qua
trinh dimg lai (pH=7) hoic cé4c ion tuong tic véi nuéc 1am thay doi pH ctia moi trudng,
tic 1a ching da thuc hién phan tng thuy phan.

e Dinh nghia phdn ing thiiy phdn: La phan ting gitta cation ctua bazo yéu hoac
anion clia axit yéu v6i nuéc lam thay déi pH clia moi trudng.
Vi du: AI’* 1a cation ctia bazo yéu thuc hién phan tng thuy phan:
AlI’*.H,0 + H,0 ] AI**OH + H,0*
AI**OH + H,0 1 Al(OH)," +H,0*
Al(OH),*H,0 + H,0 [] Al(OH), + H,0*
- Dic diém: - Phan tng thuy phan c6 tinh thuan nghich



* Néu ion cua axit yéu hodac bazo c¢6 nhi€u dién tich thi sé dién ly
thanh nhi€u néc, nac sau yéu hon nac trudc. Néu dung dich khong
qud loang thi cac nac sau c6 thé bd qua. Néu dung dich qud loang thi
phan ting thuy phan c6 thé chuyén dich dén mic hoan toan.

* Cdc loai muoi cé thé thuy phdn:

- Muoéi tao boi anion cua axit yéu va cation cua bazo manh (tao bdi axit yéu va bazo
manh), khi hoa tan trong nuGc tao thanh moi truong kiém. Vi du: NaCH,COO,
Na,S, Na,CO;, NaClO

NaCH,COO — Na*" + CH;COO
CH,COO" + H,0 [1 CH;COOH + OH
- Muoi tao boi anion cua axit manh véi cation cua bazo yéu, khi hoa tan trong nudc
tao moi truong axit. Vi du: NH,Cl, (NH,),SO,, NH,NO;...
NH,CI — NH,"+ CI
NH,* + H,0 [ NH, + H,0*
- Muéi tao bdi anion cutia axit y&éu va cation clia bazo yé&u, khi hoa tan ca 2 goc déu
thuy phan, pH clia moi truong con phu thuoc vao mic do thuy phan cua ca 2 goc.
Néu K, (cation bazo yé€u) > K, (anion cua axit yé€u) thi moi truong c6 pH < 7
Néu K, (cation bazo yéu) < K, (anion cua axit y€u) thi moi truong cé pH > 7
Néu K, (cation bazo yéu) = K, (anion ctia axit yé€u) thi moi truong c6 pH =7
Vi du: NH,CH,COO,
NH,CH,COO — NH," + CH;COO

NH,"+ H,O (I NH, + H,0* K,(NH,") = 5,6.10"°
CH,COO" + H,O [ CH,COOH + OH- K,(CH,COO") = 5,7.10""°
C6 K,(NH,") = K,(CH,COO") nén pH = 7

NH, NO, —s NH,* + NO,

NH," + H,O (I NH, + H,0* K,(NH,") = 5,6.10"°
NO, + H,0 [1HNO, +OH K (NO,)=2.10"

Co6 K,(NH,") > K,(NO,) nén pH < 7
- Mudi tao bdi axit manh va bazo manh khong thuy phan: NaCl, NaClO;...
- Muéi axit la chat ludng tinh. pH ctia moi truong ctia dung dich chia né phu thuoc
vao do manh cua tinh axit hay tinh bazo. Vi du: Dung dich NaHCO; 1a ludng tinh vi:

HCO; + H,O [ H,CO; + OH K,(HCO;) =2,4.10"
HCO; + H,O [ CO;* + H;0" Ka,(H,CO;) = 4,8.10™"!
* Tinh pH cua dung dich muoi:
Nguyén tic: Giong nhu cach tinh pH cua dung dich axit yéu hodc bazo yéu
Vi du 1: Tinh pH ctia dung dich mu6i MCl, 0,1M. Biét ring ion M** ¢6 tinh axit, c6
hang s6 dién ly K, = 2.107 cdc nac thay phan sau ¢6 thé bo qua.
K,C,=2.10°.10"> 10"
C 0,1

a

K 2107

a

< 100 nén bod qua [H;0*] do nudc dién ly



M*.H,O + 2H,0 [] MOH* + H,0*
[vor ™ ||1,0" |
I

Pat x= [H;0]

K, = =2.10"

2
X

K, =
01—x

=210 5 x > pH

Vi du 2: Cho dung dich K,CO, 0,2M, biét rang Ka,(H,CO;) = 5,6.10""". Tinh pH cta
dung dich, b6 qua néc dién ly thit 2 cia CO5>.
K,CO; — 2K* + CO,*
CO,>+ HOH 1 HCO; + OH
CO,* 1a bazo lién hop cuia HCO;

KK, =10 —K,(CO,>) =10 0 7810

K. 56.10"
K,.C, =0,2.1,78.10* > 107> nén bd qua su dién ly clia nuéc
& = —0’2 - > 100
K, 178.10°

S lor]= K, .G, ={1.7810*02 —>pH=14+1g//17810*02 =117

Vi du 3: Tinh pH cia NH,NO, 102 M, biét rang K, cia NH,* 13 6,3. 10'°va K, cua
NO, 122.10""
Vi K,C va K,C déu 16n hon 10" rat nhiéu nén phan ing chi yéu trong dung dich la:
NH, + NO, <=>NH, +  HNO,
Ban dau: 102 M 10 M 0 0
Can béng: 1072 -x 102 -x X X
Vay [NH,"]=[NO,] va [NH;]=[HNO,]
_[NH,][H,0"]
T

va K, ctia NO, Ia: k, = 0 1ING, ]
2 : = [HNO,

=> K, .K, =[H,0") =[H,0"]= K, K,

-14
> K - 10

“© 10"

Ta biét rang K, cia NH,"la: K,

5.10™; [H,07]1=+63.10"°.5.10* =5,6.10" M

=> pH =6,25.
6.Tinh pH cta dung dich axit nhiéu bac:
- Dai v6i axit nhiéu bac nhu H,S, H,SO;, H;PO, sé dién ly theo nhi€u nac, nac dau
tién manh nhét con cac nac sau yéu dan.
Vi du: Nhu su dién ly cta axit H,S
H,S+H,0 [ HS + H,O0* Ka, = 10"



HS +H,0 S +H0" Ka,=10"

Do néc 2 yéu hon nhiéu so véi nic 1 nén c6 thé bd qua su dién ly ctia nic 2 va dua vé
bai toan tinh pH cuta axit 1 bac.
VI. CAN BANG TRONG DUNG DICH CHAT PIEN LY IT TAN
1.Tich s6 hoa tan cua chat dién ly it tan
Xét dung dich bao hoa chat dién ly it tan A, B,: Trong dung dich luon ton tai can bang
gifta phan ran khong tan va ion ctia né trong dung dich:
A.B,,, [ mA™+nB™ (thyc chatla A B, [ A,B, 4 qm --> MA™+nB™).
K.=[A™]"[B™]"
Trong truong hop nay K, dac trung cho tinh tan cta chat dién ly it tan va dugc goi la tich
sO hoa tan cua chat dién ly it tan K
* Pinh nghia: Tich s6 hoa tan ctia 1 chat dién ly it tan la tich s6 nong do clia cac ion trong
dung dich bao hoa chat dién ly it tan d6 (v6i s6 mi la hé so twong tng trong phuong trinh
dién ly).
VD: CaSO, [ Ca® +S0,” K, s, =[Ca’1[S0; ]
Nhu vay K 1a 1 truong hop cua hing sd can bang K, ban chat cua K, 1a hang s6 can bang
K, do d6 moi tinh chat ctia K déu dp dung dugc d6i véi K.,

- K, phu thudc vao ban chat tirng chat va nhiét do.
2. Moi quan hé giira tich s6 tan K, va do hoa tan s

Goi s 1a nong do cta dung dich bao hoa, vi du d6i véi dung dich

Ag,SO, [ 2Ag*+ S0~
2s S

K
I<s,CaSO4 = [Ag+]2bh.[SO42’]bh= (23)2.8 =43 = S = 3 45

Do hoa tan ctia chat dién ly it tan s€ giam di, néu thém vao dung dich mét lugng ion
dong loai.

Vi du: Cho KS, Agl = 1,5.10"° & t = 25°C. Tinh do hoa tan ciia Agl trong nuéc
nguyén chat va trong dung dich KI 0,1M.
Giai:
Agl [1 Agr+T (%) Do hoa tan ciia Agl la s
S

S
Ko =|AE fdl by =52 5= Kony =415.107 =122.10* M

Trong dung dich KI 0,1M KI=K"+T
0,1 0,1

Néng do cta ion I' ting 1én 1am cho can bang (*) dich chuyén theo chiéu nghich 1am
cho do hoa tan ctia Agl giam xudng. Goi s’ 1a do hoa tan ctia Agl trong dung dich KI



Agl 11 Agt + T
s’ s+ 0,1
K, .o =[Ag I 1=5'(s+0)=15.10"° Vis’ << 0,1 bo quas’ so véiO0,1.
Vay s’ =1,5.10°M

s 12210°

Do hoa tan giam di ; _W =81.10° lan

3. Piéu kién tao thanh két tia va hoa tan két tia

* Piéu kién tao thanh két tua:

Muon tao thanh két tua chat dién ly it tan thi tich s6 nong do cta cac ion cua ching
trong dung dich véi s6 mil thich hgp phai 16n hon tich s6 hoa tan.

Vi du: Tron 2 thé tich bang nhau cta dung dich AgNO; 10”M véi Nal 2.102 M. Cé

tao thanh két cua Agl hay khong?
.1 107
|ag]-

[I_]: 2.107°

=510"M

=10°M

vay [Ag [[I7]=5.10%10% =5.10° K ,,,=15.10" vay tao thanh ket tia

b. Piéu kién hoa tan két tia
Vi du: Hoa tan FeS biang dung dich HCI

FeS, [ S +Fe* (1)
HCl = H* +CI @)
$ 4+ 2H = H,S 3)

Do (3) nén néng do cua ion S* giam xuéng lam [Fe**].[S*] < Tgs va lam cho can
bang dich chuyén theo chiéu thuan.

Nhu vay dé hoa tan mot chat dién ly it tan thi phai thém vao dung dich mot chat nao
d6 c6 kha nang két hop véi mot trong cdc ion ctia chat dién ly, lam cho tich s6 nong do

cla cic ion < tich so tan.

Tai liéu tham khao:
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CHUONG VII: PONG HOA HOC

Nhiét dong hod hoc nghién cttu & phan trude chi mdéi cho phép xét doan chiéu hudng
tu dién bién ctia moOt phan tng hod hoc va chi khao sit hé & trang thdi can biang, nén
khong hé cho biét mot tin hiéu ndo vé téc do, nghia 1a su bién déi céc tham s6 cuia hé theo
thoi gian.

Vi du: Phan tng gitta Hyg, + 1/2 O,y = H)Oy €6 AG®y5 = -237,2 kJ/mol, AG®,s clia
phan tng rat am, c¢6 nghia 1a vé mat nhiét dong hoc phén ting c6 thé xay ra mot cach hoan
toan & T= 298K va P = latm (K= 10*"), song thuc t€ cho thdy phan ting d6 hau nhu khong
xay ra & diéu kién da cho, bdi vi toc do ctua phan ung cuc ky nhd, do dé & di€u kién
thuong nguoi ta tudng phan ting nay khong xay ra.

Pong hod hoc 1a mon khoa hoc nghién ctu vé téc do va co ché cua cac qua trinh
hoa hoc.

LKHAI NIEM VE VAN TOC PHAN UNG
1. Pinh nghia van toc phan ing
Van toc trung binh cua phdn ing: duoc do bang bién thién néng do cta mot
trong cac chat tham gia phan tng hay tao thanh sau phan tng trong mot don vi thoi gian.
Xét phan tng: aA + bB — cC + dD

Gia str & thoi diém t; nong do cla céac chat 1a C,,, Cyy, Coy, Cpy, O thoi diém t, thi

nong do tuong tng 1a C,,, Cy,, Cry, Cpy. Khi d6 van tdc trung binh clia phan tng la:

\V A _CA1 vV __CB2 _CBI V. = CC2 _Ccl vV _ CD2 _CD,
Atb T t—t ’ Bitb — t —t ’ Citb — t —t ’ Ditb — t —t
2 1 2 1 2 1 2 1
AC
tb =J—”E

(+)- tng v6i chat khao sdt 1a san pham
(-) - tng vGi chat khao sat 1a chat tham gia
Vidn toc tirc thoi ctia phdn ing:
AC dCc

V=limt—=%—
lim =+ 7=+

Dé van toc cta 1 phan ting 1a don tri:
1dC, _ 1dC, _1dC. _ 1dC,

a dt b dt c dt d dt
2.Cac yéu to anh huong lén van toc

- Nong do cac chat.
- Nhiét do

- Chat xuc tac.



IL. THUYET VA CHAM HOAT PONG
1.N¢i dung:
Gia st xét phan ing A, + B, = AB, D€ phan ting xdy ra thi A va B phai va cham
vOi nhau.
C6 2 loai va cham:
+ Va cham gy phan tng: goi la va cham c6 hiéu qua(sé va cham nay nho).
+ Va cham khong gay phan ting: goi la va cham khong hiéu qua(s6é va cham nay 16n).
Dé gay va cham c6 hiéu qua => céc phan tir phai ¢6 nang luong 16n hon nang lugng
trung binh ctia hé => goi 1a cac phan tir hoat dong => van toc phan tng ti 1& v6i tan s6 va
cham giira cac phan tlr hoat dong.
2.Phan bo Boltzman:
C6 khi ly tudng A véi tong s6 mol 1a N, trong d6 ¢6 s6 phan tir hoat dong 1a N” thi:

# E,

N ¢ K => Biéu thic dinh luat phan bo Boltzman.

Trong d6: E,- dugc goi 1a nang luong hoat hod, don vi J.mol™
R - 12 hing s6 khi 1y tudng, R = 8,314 J.K"'.mol!

III. ANH HUONG CUA NONG PO CAC CHAT THAM GIA PHAN UNG PEN VAN
TOC VA PINH LUAT TAC DUNG KHOI LUONG.
1. Pinh luat tac dung khoi luong
a. Poi véi hé dong thé( Cic chat phan ting & cuing 1 pha).
* Pinh luat: Van toc phan ung ti 1& thuan véi tich nong do cac chat tham gia phan tng
(v6i s6 mil thich hop).
Vidu: aA +bB -> cC (1)

=>v =k[A]"[B]™  => goi la phuong trinh dong hoc ctia phan tng.
trong do [A], [B]: Néng do mol/l ctia A, B & thoi diém xét.

v : Van t6c tic thoi & thoi diém xét.
n,m: Bac phan tng d6i véi chdt A, B -> Xdc dinh bang thuc nghiém.
(n+m): Bac chung cta phan tng.
k: Hé s6 ty 1€ phu thudc vao ban chat ctia chat tham gia va nhiétdo.

V6i 1 phan ting cu thé & T =const -> k=const-> goi 12 hing s& van toc.

Khi [A]=[B]=1mol/l-> v=k -> goi 1a v riéng cta phan tng.
b.Do6i véi phdn tng di thé: Néu phan ting c6 chat rin tham gia -> coi ndng do chat ran =
const va dua vao hing s6 van t6c => chit ran khong c6 mat trong phuong trinh dong hoc
ctia phan tng.

Vidul: Cgy+Oyky — COyy,
v = k'.const.[O, ]" =4[O0, ]"

C. Giai thich: Khi néng d6 tang thi van toc tang: Theo thuyét va cham hoat dong: Khi
néng do cdc chat tham gia phan tng tang thi s6 phan tlr hoat dong c6 trong 1 don vi thé

tich tang -> dan dén s6 va cham c6 hiéu qua tang -> van toc tang.



2.Bac phan tng:

* Bac phan tng dugc xac dinh bang tong s6 mil trong phuong trinh dong hoc (m+n). Bac
phan ting c6 thé nguyén, hoac 1a s6 thap phan hoac bing 0.

- Né&u (m+n)=1: phan tng bac 1.
- Néu (m+n)=2: phan tng bac 2.
- Né&u (m+n)=3: phan tng bac 3.

* Céach xdc dinh bac phan tng:

- X4c dinh theo ting chat roi cong lai:

Dung phuong phap co lap: Coi nong do cic chit # bang const ( chi ¢6 ndong do chit khao
sat bac thay déi theo thoi gian) bang cich cho ndng do céc chat d6 16n hon rat nhiéu néng
do chat xét.

Mot phan ing héa hoc 1a phan tng tong cong cta nhiéu giai doan trung gian. Mbi giai
doan trung gian goi la 1 giai doan so cip. Van t6c cta giai doan so cap nao cham chat sé
quyét dinh van toc cua ca phan tng.
S6 phan tlr tham gia vao 1 giai doan so cap goi l1a phan tur s6 ctia giai doan so cap do.
Phan tr s6 cua giai doan so cdp cham nhat xac dinh bac chung ctia phan tng.
VD: 2HI + H,0, = 2H,0 +1, (a)
V=k[H,0,]"[HI|"
Phan tng (a) xay ra theo theo 2 giai doan so cép:
HI + H,0O, -> HIO + H,O (1) xay ra cham
HIO + HI -> I, + H,0O (2) xay ra nhanh.
= giai doan (1) quyét dinh bac phan ting -> phan tr s6 cua (1) quyét dinh bac cua
phan tng (a).
= Phuong trinh dong hoc cua (a) cling 1a cta (1): v=k[H,0,][HI]
= Phan tr s6 cua (1) va (2) déu 1a 1+1=2.
= Bac cua pt (a) 1a 1+1=2.
* Chi y: néu phan tng don gian chi xay ra theo 1 giai doan thi n=a, m=b (a, b la cac
hé s6 ti lugng trong phuong trinh phan tng) => Bac phan tng (m-+n) =(b+a).
IV. ANH HUGNG CUA NHIET PO LEN VAN TOC PHAN UNG

1.Quy tac Van’t Hoff
Bing thuc nghiém Van’t Hoff cho thdy rang nhiét do ci tang thém 10°C thi van toc
clia phan ung tang 1én y 1an, y trong khoang tir 2- 4.
Vt+10
V

t

=7

v- 1a hé s6 nhiét do cho biét van toc tang 1én bao nhiéu lan khi nhiét do tang thém
10°C.
Tong quidt:
O nhiét do t, van toc ctia phan tng 12 v,, & nhiét do t, van t6c clia phan tng 12 v, ta c6:
-t

V,=y 0V, 1a bi€u thic todn hoc cta quy tic Van’t Hoff




- Quy tic Van’t Hoff chi gan diing trong khoang nhiét khong cao 1am.
2. Phuong trinh Arrhenius:

A

Ink =%+ InB=> k=PeT

Trong d6: A va B la nhiing hiang s6 dac trung cho phan tng xdc dinh bang thuc
nghiém.

* Theo do thi Ink- 1/A véi tga = A

* Dua vao gia tri K ¢ hai nhiét do khac nhau:

InK, = Ti +1nfB K | 1
? In—2 = A(— - —J
InK | =A+1nB K, L T
Tl

* Giai thich anh hudng ctia nhiét do t6i v theo thuyét va cham:
Khi nhiét do thay déi -> c6 su phan bé lai nang lugng trong hé-> sd phan tir hoat dong
thay d6i -> v thay d6i.
Cu thé: khi nhiét do tang van t6c tang do: chuyén dong nhiét ctia cdc phan tir tang lén >
tin sO va cham ctia cdc chét tham gia ting va khi nhiét do cao thi cdc phan tr kém bén >
dé phan tng vé6i nhau.
* Y nghia ctia A trong phuong trinh Arrhenius
Xét phan tng: A(k) + B(k) -> AB(k) c6 bac déi véi A va B déu bang 1.
Phuong trinh dong hoc: =kC,.Cy (a)

, ,Ei

C =Ce Vi (C;mol/I ciia phan t&r hoat dong 1).
Theo thuyét va cham hoat dong v chi phu thuoc vao C;*

. Eas N ‘s
=>v=fC,Cp=pC,e "FPC,e "® v6i f lahésoty le.

—(E +Ep)

=>v=pC,Cge Vi .
batE, + E;=E,  goi la nang lugng hoat héa ctia phan tng. E, 1a nang luong can thiét

dé dwa mot mol céc chat tham gia phan tng c6 nang luong trung binh trd thanh hoat
dong.

v BCChe TR (b)

p 5 . Eyp E, A
=> So sdnh (a) va (b), c6: k=Lfe & =>Ink =— R% +1Inf=> Ink = T + Inp
& A=-E/R

* Y nghia ciia E ;:

DPé hiéu r6 y nghia clia E, ta xét gian do nang luong cta phan ung:
IZ(K) + HZ(K) I 2HI(K)

K
H,I;




Céc chat tham gia c¢6 nang luong Gng v4i muc I, muon phan tng dugc véi nhau phai
vuot qua hang rao th€ nang c6 do cao l1a K. Hiéu gitta muc nang lugng K va I chinh la
nang luong hoat hod clia phan tng thuan E,. Hiéu giita mic nang luong K va II 1a nang
luong ctia phan tng nghich. Hiéu gitta mic I va II duoc goi 1a hiéu ting nhiét ctia phan
ung thuan.

Vdy ndng luong hoat hod E,. Chinh l1a hang rao thé nang ma cac chit tham gia phai
vuot qua dé hinh thanh cdc san pham phéan tng. Nhu vay, né€u cic lién két trong cdc chat
tham gia cang bén thi nang lugng hoat hoa cta phan tng cang 16n.

V.ANH HUONG CUA XUC TAC LEN VAN TOC PHAN UNG

1. Dinh nghia:

Chat xtc téc 1a chat 1am tang van té¢ phan ting, nhung né khong bi bién doi va tiéu ton
do phan tGng xay ra.

Néu chit xtc tac va cac chat tham gia phan ting & trong cing mot pha thi dugc goi l1a xtdc
tdc dong thé.

NO

Vi du: 280,k) + Oy 1 2805,

Néu chat xtc tdc khdc pha véi cdc chat tham gia phan tng thi cé xuc tdc di thé.
V205(r)

Vi du: 2SO0, + Oy 1 2805,

Xuc tac men déng vai trd quan trong d6i v6i qua trinh qud trinh trao d6i chat: Phan
16n c4c phan tng sinh hod xay ra trong co thé déu dudi tic dung cuia cdc enzim
2. Pac diém cua xic tac:

- C6 tinh chon loc cao: Mot xtc tac chi ¢ thé cé tdc dung doi véi mot phan ting hay

mot loai phan tng (cho vi du)

- Chat xtc tac c6 tac dung lam giam nang lugng hoat hoa ctia phan tng

- Chat xic tac lam xic tac cho phan tng thuan thi ciing lam xtdc tac cho phan tng
nghich, nén chét xdc tac 1am cho phan tng nhanh chéng dat t6i trang thai can bang, chi
khong lam chuyén dich can bang vi né lam tang t6c do phan (ng thuan va phan tng
nghich véi s6 14n bang nhau

- D6i v6i xiic téc dong thé: tdc dung cua xiic tdc ty 1& v6i ndng do cla chat xic tac
3. Giai thich co ché cua xic tac
a. Poéi vdi xiic tac dong thé:



Co ché cua xic tac dong thé duoc giai thich bing ly thuyét hop chat trung gian.

Xét phan ung: A + B — AB xay ra rat cham va c6 nang lugng hoat hoa E, rat cao, khi
thém chat xuc tac X toc do clia phan tng tang 1én, co ché€ ctia phan Gng nhu sau: gom hai
giai doan

A + X —> AX (hop chat trung gian) - giai doan nay phan Gng xay ra rat nhanh (cé
nang luong hoat hoa thap)

AX + B > AB + X - giai doan nay xay ra rdt nhanh, c6 nang luong hoat hoa thap

Nhu vay chat xic tac c6 tic dung dua phan Gng phai vuot qua mot rao thé nang cao
thanh phan tng trai qua hai giai doan véi rao thé€ nang thap hon.

E

A+B

Tién trinh phan tng

Goi ki, |, E, - 1a hang s6 t6c do phan ting, van toc va nang lugng hoat hod clia phan
ung khi chua c6 xuc tac

k,, v, B, - khi ¢6 xic tic

Ta co:

E
hlk] = -2 + lnB
RT

Ink, = - B 11
nk, = -———+1In
) RT B

k, (E,-E,* v, k Bl i )
In—== (“—a) — —2=-—2 =e RT  §0 lan van toc tang lén khi c6 xic tdc
k, RT v, k

b. Poi véi xtic tdc di thé

Co ché ctia mot phéan ting xtc tdc di thé rit phic tap, cho dén nay chua c6 mot thuyét
duy nhat vé xiic tdc di thé. Mot phan tng xdc tac di thé xay ra gébm nhiéu giai doan vat ly
va hod hoc ndi tiép nhau

- Giai doan dau: Xay ra su hap phu cua cac chat tham gia 1én cac tam hoat tinh cta
chat xuc tac

- Giai doan 2: Duéi tdc dung cua cac luc hod hoc trén bé mat xuc tic tao ra cac hop

chat bé mat, dan tGi thuc hién phan tng trén bé mat xdc tac

VI. CAC PHUONG TRINH DONG HQOC CUA PHAN UNG HOA HOC
Cac phuong trinh dong hoc mo6 ta moi quan hé dinh lugng gitta nong do clia cac chat phan
ung va thoi gian trong cac phan ting bac khac nhau.

1. Phan tng bac mot



Phuong trinh phan tng bac 1 c6 dang:
A -> san pham.
Phuong trinh dong hoc vi phan ctia phan tng duoc bi€u dién béng:

V:—M:k[A] hay —M=kdt
dr [A]
LAy tich phan phuong trinh nay s€ thu duoc:
—1In LA] =kt

[Al,
& day néng do [A], 1a néng do ban diu clia A, [A] 1a ndng do cuia né & thoi diém t.
Phan tng bac 1 thuong la phan ting phan huy cta cac chat. Vi du:
CH,-> GCH, +H,
Céc phan tng phan hiy phéng xa ciling dugc xem la cac phan ting bac mot. Vi du:
*Th—"2Ra+,He
Khi nghién cttu cac phan ting bac 1 nguoi ta thuong chi y dén mot dai lugng la thoi gian
ntra phan tng ( con goi la chu ky ban hiy doi véi phan ting phan hily phong xa), ki hiéu 1a
t; 5, 12 thoi gian ma mot ntra lugng ban dau cua chat phan tng da bi tiéu thu.

ap dung phuong trinh dong hoc cua phan ting bac 1 vad't;, cé [A] =% [A] o, ta co:

1
E[A]o
—In

In2 0,693
[A]O :ktl/z => 11’12:kt1/2 hay tl/z :T:T

Diéu d6 ¢6 nghia 1a thoi gian nita phan Gng clia mot phan ing da cho nao dé 1a mot hang
s0 dac trung cho phan tng dé. (6 mdt nhiét do xac dinh).
Chu ki ban hily 1a mot hing s6 vat ly quan trong ctia cdc chat phéng xa. N6 c6 thé dao
dong trong mot khoang rong tir hang triéu nam dén may tram nam. Vi du:

C (phéng xa béta) t,, =5,7.10° nam.

*He (phong xa béta) t,, = 1,2 giay.
Mot tng dung thuc t€ quan trong ctua dai lugng chu ki ban huy 1a xac dinh nién dai cua
céc vat co va tudi cua cdc khoang vat. Cong viéc nay ngdy nay chli yéu dua trén phuong
phdp do cudng do phéng xa “C..
2. Cac phan ing bac hai
Dang tong quat ctia phan ting bac 2 1a:

A+ B ->san phim
Phuong trinh dong hoc vi phan clia phan tng duoc biéu dién bing:
d[A] d[B]
a4 k[A][B]

0 day ching ta xét truong hop don gian nhéat dé 1a nong do ban ddu clia A va B bang

nhau. Vi vay co6 thé viét:



d[A] 2 d[A] v . « [ dlA]
———=k[A]” hay — =kdr. Laytichphan 2 vé — | ——=| kdt
(A" hay — = y tich p j[ AT |

dt o

1
=> — =kt + const
[A]

khi t =0 thi .
A

=const . Tu do:
0

I RO PR B
[A]l [Al, t [A]l [A]
Goi t,,, 1a thoi gian nua phan tng. Thay vao phuong trinh trén ta duoc:
Ly = 1

k[A],

)

Tai liéu tham khao:
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CHUONG VIII: CAC QUA TRINH BIEN HOA

LNGUYEN TAC BIEN HOA NANG THANH PIEN NANG
1. Phan iing oxy hoa khu
Vi du: Xét phan tng oxy hoa khtr thong thuong xay ra trong dung dich khi nhing thanh

Zn vao dd CuSO,
Zn + CUSO4 = ZIlSO4 + Cu
Zn + Cu** - Zn* + Cu AH®° =-230 KJ

2 1

Cu?* tryc ti€p dén thanh Zn nhéan e

Zn-2e =Zn* Qu4 trinh 6xi hda

Cu** +2e =Cu Qua trinh khir

=>» Dic diém ctia phan d¢ng 06xi hda khir:

- e truc ti€p tir chat khir sang chat 6xi hoa.

- Nang luong phan tng 6xi héa khir giai phong dudi dang nhiét.

Trong phan tng oxy hoa khir nay chat khir va chat oxy hod dugc tiép xic véi nhau, cac
electron s& duoc chuyén truc tiép tir chit khir sang chat oxy hod va ning luong ctia phan tng
hoa hoc duoc toa ra dudi dang nhiét. Nhung néu ta thuc hién qua trinh oxy hoa Zn va qua
trinh khir Cu®* & 2 noi riéng biét va cho e chuyén tir Zn sang Cu** bang 1 day dan dién, c6
nghia 12 tao nén mot dong e nhat dinh thi nang luong cta phan ing nay duoc chuyén thanh
dién nang, 1am xuét hién trong day dan 1 dong dién ngugc chiéu véi dong electron. D6 ciling
la qua trinh xay ra trong moi pin.

2. Nguyén tac bién hoa nang thanh dién nang

- Thuc hién qua trinh 6xi héa 6 1 noi, qua trinh khir  mot noi khac.

- Cho e chuyén tir chat khir sang chat 6xi héa nho day dan dién thi nang luong ctia phan
ung hoa hoc (giai phong dudi dang nhiét) s€ bién thanh dién nang - dugc goi la 1
pin. Pin 1a 1 dung cu thuc hién nguyén tac bién héa nang thanh dién nang.

3.Cau tao hoat dong cua pin Cu-Zn
a. Ciu tao: gobm 2 dién cuc
+ Mot cuc 1a Zn nhing vao dung dich ZnSO,
+ Mot cuc l1a Cu nhiing vao dung dich CuSO,
Hai dién cuc nay duogc néi v6i nhau bang 1 day dan dién. Hai dung dich ZnSO, va CuSO,

dugc noi v6i nhau bang mot mang ngan.



Thanh Zn ¢6 du e ( du dtich -) hon thanh Cu => thanh Zn la cuc am (-),, thanh Cu la dién
cuc duong (+).
b. Hoat dong

Cuc (-):xay ra quéa trinh oxy hoa: Zn -2e — Zn*

= dién cuc Zn bi an mon dan (dién cuc mon dan) va Zn** tang dan.

Cuc (+): xay ra qua trinh khir: Cu** + 2e — Cu?*.

= dién cuc Cu day thém , nong do Cu** giam

Phan tng tong cong xdy ra trong pin: Zn + Cu®* = Zn** + Cu

* Ki hiéu pin:
Vat liéu

lam dién cuc 2

Vatliéu lam | Dd nhing Dd nhing
dién cuc 1 dién cuc 1 dién cuc 2
=>s0 d6 pin Cu-Zn:  (-)Zn | ZnSO, Il CuSO, | Cu (+)

Khi néi dién cuc Cu va Zn bang 1 day dn, céc e s& chuyén tir cuc Zn (-) sang cuc (+) do

gifta 2 cuc c6 su chénh léch theé, 1am xuat hién mot dong dién di chuyén ngugc chiéu véi
dong electron. Nhu vay, dé tao dong dién trong pin thi gifta 2 dién cuc phai xuét hién mot
hiéu so dién thé.
II. CAC LOAI PIEN CUC
1. Dién cuc kim loai:
Khi nhing thanh kim loai M vao nudc thi do tuong tac cua

M cac phan tr nuéc c6 cuc ->cac ion kim loai bi tach ra khoi

bé mit kim loai di vao dung dich con céc e & lai trong thanh
kim loai. Két qua thanh kim loai s€ tich dién 4m, con dung
dich sat kim loai s€ tich dién duong, tao thanh mot 16p dién
+— tich kép.

— Trong dung dich t6n tai can bang: M [ M"™ + ne

Néu thém mudi chita ion M™ vao dung dich trén thi can bang chuyén dich theo chiéu nghich
va s& c¢6 mot s6 ion M™ tir dung dich chuyén vao thanh kim loai va can béng trén vin duoc
thiét lap.

Khi can bang, gitta bé mat kimloai- dung dich xudt hién 1 hiéu s6 dién thé€ = goi la thé
dién cuc kim loai. Th€ dién cuc kim loai phu thuoc vao: ban chat cua KL va dung moi, nong
do ion kim loai M va nhiét do.

Néu xét & cung 1 nhiét do, cung 1 dung moi, th€ dién cuc kim loai dac trung cho ban chat
kim loai: néu th€ dién cuc c6 gia tri cang (-) thi kim loai hoat dong cang manh va ngugc lai.
2. Pién cuc tro nhing trong dung dich chita cap oxy hoa khur

- C4u tao dién cuc tro: Kim loai 1am dién cuc tro vé mat héa hoc. Vi du Au, Pt..



- Vi du: xét dién cuc oxy hoa khir 1a mot thanh kim loai Pt dugc nhing vao dung dich
chita cap oxy hod khtr FeCl,, FeCl,. Khi d6 Fe** sé& 14y e cuia thanh Pt va chuyén thanh Fe?*:
Fe** + e — Fe?*, nén thanh Pt sé tich dién dwong, con dung dich du CI sé tich dién am. Mat
khdac, thanh Pt tich dién (+) s& ngin can Fe** tié€p tuc ldy thém e, nhung lai c6 kha ning nhan
thém e cta FeCl, dé bién Fe** thanh Fe*": Fe?* - e — Fe**. Nhu vay: can bang Fe** +e [] Fe**
nhanh chéng duoc thiét 1ap, do d6 trén danh gidi gitra dién cuc va dung dich sé xuat hién mot
hiéu s6 dién thé, dac trung cho tinh hoat dong ctia cap oxy hoa khtt. Hiéu sé’ dién thé nay phu
thudc vao ban chdt cua cdp oxy hod khit, nong do cua chdt oxy hod, chdt khir va nhiét do.

3. Pién cuc khi:
bién cuc khi 1a dién cuc ti€p xic v6i khi va dung dich chia dang 6xi hda( hoac dang khir)
ctia né. Diéu kién:
1. Kim loai lam dién cuc tro
2. Khong tdc dung hod hoc véi khi
3. C6 kha nang hap phu khi va lam xuc tac cho phan tng giita khi va ion cia né
Vi du: bién cuc khi H,
Pt Duoc 1am bang 1 thanh Pt trén ¢6 pht mot 16p muodi Pt ¢6 tac
dung hap phu khi H, va dugc nhing vao dung dich H,SO,

0 dién cuc c6 can bang sau:
H,
‘_
2H,0" +2e [1 H, + 2H,0
— D - Gitra dién cuc va dung dich cling xuat hién mot hiéu so dién
N~ thé phu thuoc vao nong do cua ion H;O*, 4p sudt cua H, va
2 nhiét do.

- Dién cuc H, chuan: Vi khong thé xdc dinh dugc gia tri tuyét d6i ciia hiéu s dién thé giita
dién cuc va dung dich, nén phai quy udc l1dy 1 dién cuc nao dé 1am chuén va gan cho né mot
gid tri hiéu so dién the. Nguoi ta quy uée 14y dién cuc chuédn hidro lam chuédn. D6 1a dién cuc
khi H, c6 thém diéu kién sau: P, =larm va [H;O']=1M. Trong diéu kién nhu vay, hi¢u s6
dién thé€ cta dién cuc v6i dung dich & nhiét do bat ki dugc quy uée bang 0,00(V) va duge ki
hiéu 1a £°

* Piéu kién chuén cua céc loai dién cuc:

- Nong do cdc dang tham gia phan tng dién cuc biang 1M, néu la chat khi thi P= latm.

- O nhiét do xac dinh.



Vi du dién cuc kim loai Cu** + 2e = Cu = [Cu**] = IM hay dién cuc chuan cua Cu la
thanh Cu nhing trong dung dich Cu®** néng do 1mol/l.
IV. SUAT PIEN PONG CUA PIN
1. Dinh nghia: Suit dién dong (sdd) cua pin 1a gia tri hiéu s6 dién thé 16n nhat gitra 2 dién
cuc cta pin, duge do bang (V), ky hiéu 1a E.
E=g(+)-¢()
Trong do6: &(+)- dién thé cta dién cuc duong
€(-)- dién thé€ cua dién cuc am
(Néu theo quy uéc trén = E luon duong, trudng hop tong quat E = dién thé dién cuc phai -
dién thé dién cuc trai)
2. Cdc yéu to' dnh huong dén E- Cong thitc Nernst
e Xétpin: (-) PtlSn*, Sn** Il Fe**, Fe** | Pt (+)
Cuc (-): Xdy ra qua trinh 0xi héa : Sn** - 2e = Sn**
Cuc (+): Xay ra qua trinh khir: 2Fe®" + 2e = Fe**
Phén tng trong pin 1 phan ting tong cong 2 qu4 trinh & 2 dién cuc:
2Fe** + Sn** [J 2Fe** + Sn** (¥)
Néu pin lam viéc thuan nghich nhiét dong & T, P =const thi:
AG=W, =-nE.F
Trong d6:  n-1a s0 e trao doi giita chat khir va chat oxy hod
F- Hang s6 Faraday, F = 96.500 C.mol"!
E- Suét dién dong cua pin.

0
= E= _AS Leu b dicu kién chudn => E° = — AG
n.F nF
4+ 2472
Vi phan itng (¥) c6 AG, = AG? + RTIn > ILFe” 1.
[Sn™1[Fe™" ]

Chia ca 2 vé cho —2F c6:

AG, _ AG’r RT, [Sn'"][Fe™ |’

 2F 2F  2F  [Sn*[Fe 1

> E=E° +Eln—[sn2+ Jre ]
2F  [sn* [Fe> |
Téng quat: Phan tng xay ra trong pin 1a:

aA +bB <=> cD+dD (A, B, C, D la chat tan trong dung dich)



Co E=E"+ Elnm
nF  [CI‘[D]

= cdc yéu t6 anh hudng dén E la: Nong do va nhiét do.
0 T = 298K, thay R = 8,314 J.K'.mol, F = 96.484 C.mol" va ddi sang logarit thap phan.
0, 0.059 Ig [A]‘f[B]:
n " [CI[D]
V. THE PIEN CUC (THE KHU)
1. Cap oxi hoéa khir:
Vi du: Trong dung dich t6n tai Cu** nhung trong phan tng thi Cu** + 2e = Cu
=>» goi Cu**/Cu 12 1 cap 6xi hda khir.
* Pinh nghia: Cap 0xi héa khir 1a mot cap gébm chat 6xi héa va chat khtr, chiing ¢6 thé bién

-> Cong thitc Nernst biéu thi E =f(C,T).

E=FE

ddi 1an ra nhau trong qud trinh phan tng.

- Ki hiéu cap 6xi hoa khir 1a chat 6xi hda/chat khir hoac chat 6xi hoa, chat khi.

- Véi cach quy udc nay phan tng dién cuc bao gio cling la qua trinh khu

oxi héa + ne = Khur

- Cap 0xi héa khir chudn: La cap oxi héa khir khi [6xi héa] =[khir] = IM ( néu la chat khi P=
latm).
2. Thé khur

Quy ude qua trinh dién cuc la qua trinh khit dang: Oxh + ne -> Kh

=» Thé do dugc goi la th€ khir cua cap oxihéa khir. Ki hiéu 1a Eoyr.

* Thé khir 1a dai luong dac trung cho kha nang 6xi héa khir cua cap 6xi hoa khir
- Neéu Eay/ c6 gia tri cang 16n (cang duong) -> dang oxi hoa hoat dong manh, dang khir
Kh

yéu.

- Neéu Eay/ c6 gia tri cang nho (cang am) -> dang khtr hoat dong manh, dang 6xi héa
Kh

yéu.
Thé khtr ctia 1 cap oxih6a khit chuén goi 1a thé€ khir chudn &%y,
* C4ch xdc dinh thé khir chudn ctia mot cép oxihoa khir:
Viéc x4c dinh gid tri tuyét doi thé khir clia céc dién cuc 1a khong thé 1am duoc, nhung néu
quy uéc thé khir ctia mot dién cuc ndo dé lam chudn va bang cich so sanh s& x4c dinh duoc
thé khir ctia cac dién cuc khac

- Quy udc: Chon dién cuc khi hydro lam dién cuc so sdnh véi [H3O*]: IM, P, =latmva

(0]
gdn cho né gid tri dién thé = 0 & moi nhiét do, ky hieu € HOH = 0,00 (V). Hiéu s6 dién
thé€ nay tuong (ing véi can bang & dién cuc: 2H,O" + 2e [ H, + 2H,0



- Dé€ xéc dinh thé khir cia mot dién cuc ngudi ta ghép dién cuc nay véi dién cuc chuin
H, thanh mot pin, réi xac dinh suat dién dong cta pin tao thanh. Gia tri suat dién dong
cua pin chinh 1 th€ dién cuc chudn cta dién cuc can x4c dinh dién the. N6 c6 gid tri
duong néu thé ctia dién cuc x4c dinh cao hon thé cua dién cuc chuan H, va ngugc lai.
VD: Pt, Hy(1atm) Il Cu**| Cu
Po duoc E’= 0,34 (V) = 5 2, -0=0,34 (V). (vi Cu la dién cuc duong ctia pin)

Cu
Bang phuong phap nay ngudi ta da xdc dinh dugc thé khir chudn ctia nhiéu chét va lap
thanh bang thé& khir chuan.

- V6i cdc nguyén t6 ¢6 nhiéu mic 0xi héa khiac nhau-> tinh £°cta 1 cap dua vao

£" clia cdc cap khdc bang cach lap chu ki khir kin:

VD: Fe** + le © Fe**, gp s =077(V)=¢/
Fe2+

Fe** + 2e < Fe Epp ), =—044(V)=2g;
Fe

Fe** + 3e & Fe g, =?

Dé tinh &£° lap chu trinh khir kin:

c oA . + c a1 s . .
So 6xi hoa (+) cao nhat _nc:» S6 oxi héa (+) thap nhat
AG
0\ + 0
AG, 1€ AG, +nye

S6 6xi héa (+) trung gian
AG® = AG) + AG) (AG’ =—nE°F=—n &"F)
0 _ nlgl() +n2‘93

=> —ne"F=—-ne'F—n,e)F = ¢
n

Cu thé vi du trén:
0

3+ —>Fe

X

o _lel +26] 077 +2(-044)
3 3

AG’ = AG) + AG,)

=-0,036(v)



3. Cdc yéu to' dnh huong dén thé dién cuc
Tur vi du trén v6i phan tng: 2Fe* + Sn** [ 2Fe** + Sn**

2+ 3+ 2
co g+ RS ]

[Sn4+:[F€2+]
MaE=¢,—-¢ vaE"=¢" —&" nénco:
e, —& =g’ -¢&" (1 [F 3+] -In [S 4+])

[pe] o™

Téng quat:
C6 phan tng dién cuc: aOxh + ne <> bKh

=> ¢ =¢ ,+—1 [OXh]
[Kn]'
§250C: & = 0, 4 0059, [0xh]
' n - [kaf
* Poi v6i dién cuc kim loai: M™ +ne & M

o 0,059
+

E=¢ g[M"]

n
* Poi voi dién cuc khi: vidu : Oy(k) +4e+4 H" & 2H,0

. 0,059
E=¢& +

Ig((H"1*.p,)

* Poi v6i dién cuc tro trong dung dich 6xi hda khir: Néu trong phan tng khit c6 mat H*, OH
=> pH thay déi => pH lam thay déi thé khir.
0,059 [Sn4+]

o]

VDI1: Sn** + 2e & Sn* e =& +

VD2: MnO, +5e +8H* < Mn* +4 H,0

0,059 [MnO, 1[H"T*
+ g 2+
5 [Mn™"]




V. CHIEU VA TRANG THAI CAN BANG CUA PHAN UNG OXI HOA KHU XAY RA
TRONG DUNG DICH NUGC.

1. Chiéu cia phan ing oxy hoa khir:

D6i v6i phan ting oxy hoé khir dua vao moi lién hé gitta AG va E dé xét chiéu, biét rang
AG = -n.E.F. Dé phan ting xdy ra thi AG < 0 hay -n.E.F <0 — E > 0 ma d6i v6i phan tng oxy
hoa khurthi E = ¢, - g, — &, > &

Trong do: g, - Thé khir cia cap oxy hoa khir c6 dang oxy hoa tham gia phan tng

€ - th€ khur cua cap c6 dang khir tham gia phan tng

Quy tdc vé chiéu cua phdn itng oxy hod khii:

C6 2 cap oxy hod khir ox,/kh; va oxy/kh,, néu E,/ih =gk, thi phan Gng xay ra theo
chiéu: ox, + kh, — ox, + kh,.

¢ diéu kién chuan: AG°=-n.E°.F<0 — E°>0 — £°, > £°,

> Chu y:

e Trong trudong hop tong quat dé xét chiéu cua phan tng oxy hoa khtr thi phai tinh the
khur ctia cdc cdp oxy hod khir trong di€u kién phan tng r6i méi so sanh va rit ra két
luan

e Theo cong thiic Nernest thé khir cia mot cap oxy hoa khir phu thudc vao nong do cac
dang oxy hoda, dang khu, phu thudc vao nhiét do va do pH cta moéi truong, nén khi
thay déi mot céc thong s6 trén thi thé khir clia cdc cap sé thay déi va c6 thé dan dén
lam thay déi chiéu ctia phan ting oxy hoé khi.

Dud6i day xét mot vai vi du vé chiéu ctia phan ting oxy hod khur.

Vi du 1: Cho biét can bang sau & 25°C trong dung dich nudc:

2Cr* + Cd* [ 2Cr** + Cd, biét €° e = =041V, € = —0,4V

a. & diéu kién chudn phan tng xay ra theo chiéu nao ?

b. Tron 25 ml dung dich Cr(NO;); 0,4M v6i 50 ml dung dich Cr(NOs), 0,02M, 25 ml
dung dich Cd(NO;), 0,04M va bot Cd. Hoi chiéu phan ung & diéu kién nay ?

Gidi:

a. g%, = €ceica =04V, €%, = €°avierr = -041V

€°, > %, vay G diéu kién chuin phan ting xay ra theo chiéu thuan

b. Tinh nong cua cac dang oxy hod va dang khur

[Cr3+]: 0,4.0,025 _ 0.1 : [Cr2+]: 0,02.0,05 _ 0.01M ; [Cd%]: 0,04.0,025 _ 0.01M
0.1 0,1 0,1
o 0,059 |Cr* 0,1

e = E O+ 14@1 =-0,41+0,0591g 001~ -0,351V



€ oy = & cren + 2 1glcd? |= 0.4+ 222 10,01 = —0.450v

€ =€ 0o =—0351V 5 g, =€ .. =—0459V, vay & dieu kién nay phan tng xay ra
theo chiéu nghich.

Vidu?2:

Anh huéng clia néng do ctia dang oxy hoé va dang khir 1én chiéu ctia phan tng oxy hod
khtr
Cui*+e—Cut;  E€atyew =0,153V

Sn** + 2e — Sn**; €5 =0,15V

(0}
& diéu kien chudn do € C#/Ci > €sd*/s#" nén phan tng x4y ra theo chiéu Cu®* + Sn>* —
Cu* + Sn*

Néu tang nong do cua [Sn ‘”J hoac [Cu*J thi:

o, 0,059 Sn** A
Eq g = € susntt + 2 lg S

Cu2+
o =ECaear +0,0591g— ¥
u u Cu

€

Pén khi € sisi> € CF/CH hay E'si/s#*> € C#/Cil thi phan ting s& xy ra theo chiu
nghich.
2. Trang thai can bang cta phan ting oxy hoa khir

Phén ting oxy hod khir dat dén trang bing khi AG =n.E,.F=0—» E,=0hay ¢, = ¢,

Hing s6 can bang ctia phan ting 6xi héa khir:

AG’ =-RTInK

mit khiac AG® = -nFE’°

=> —RTInK = -nFE"

o

— InK = ——— (phan ting trong dung dich thi K=K =K).
&T=298K — lgkK = &
0,059

Trong do: n- 12 s6 e trao d6i gitta dang oxy hod va dang khtr
E°= 8Oox' 80kh

Vi du: Tinh hing s6 can bang K ctia phéan ting sau:



2Fe* + Sn** (] 2Fe* + Sn* ; € ke re?t = 0,77V ; 060 = 0,15V

€ ox =€ FIFE" : €kh=E"stsh

1gK = 20772019 _ 5y, k=10
0,059
VI. QUA TRINH PIEN PHAN
1. Pinh nghia:

Dién phan 1a qua trinh oxy hoa va qud trinh khir x4y ra trén bé mat dién cuc khi cho dong
dién mot chiéu di quéa dung dich chat dién ly hoac chat dién ly néng chay.

Vi du: bién phan dung dich CuCl,

Khi cho dong dién mot chiéu di qua dung dich CuCl, thi duéi tdc dung cta dién trudng
céc cation Cu** di vé€ cuc am, con anion CI" di vé cuc duong. Tai céc dién cuc s& xdy ra hién
tuong phong dién.

Cat6t (-): Cu** +2e — Cu

Anot (+): 2Cl" -2e — Cl,

Cu?** + 2CI' — Cu+ Cl,

DPay chinh 1a phan ting oxy hod khur xay ra khi dién phan dung dich CuCl,. Phan tng nay
khong tu xay ra duoc, ma né chi xay ra dugc dudi tic dong cuia ngudn dién mot chiéu bén
ngoai. Do d6 qué trinh dién phan 1a qu4 trinh bién ddi dién nang thanh hoa ning.

2. Su phan cuc:

Khi dién phan trang thai dién cua dién cuc (thé va mat do dién tich cta 16p dién tich kép)
bi thay doi. The cua dién cuc sé khac vdi thé clia nd lic can bing (khi chua c6 dong dién).
Hién tuong nay duoc goi la su phan cuc.

Tuy thudc vao tinh chit clia qué trinh lam thay déi thé cua dién cuc c¢6 3 loai phan cuc
khic nhau:

a. Su phdn cuc vé nong do:

Khi dién phan néng do cla céc ion & catot va anot bi thay ddi. & anét do kim loai bi hoa
tan, nong do cua ion tang 1én, con & catdt xay ra su khir nén nong do cta ion giam di, dan
dén thé cua dién cuc giam. Néu mat do dong dién cang 16n thi su bién déi néng do cua cdc
ion cang 16n, do d6 su phan cuc cang 16n. Can khudy manh dé giam su phan cuc.

b. Su phan cuc hod hoc:

Khi dién phan cdc san pham thodt ra & céc dién cuc dan t6i su tao thanh 1 pin c6 chiéu
ngugc véi chiéu dong dién

¢. Su phan cuc dién hoa:



Khi nhing 2 dién cuc vao dung dich chat dién ly va néi 2 dién cuc véi ngudn dién mot
chiéu thi cic e s& doi anot (+) dé t6i catot (-) nhung cdc e khong tu di qua dung dich duoc,
nén néu trén cac dién cuc khong xay ra cac qua trinh dién hoa thi mot dién cuc s€ tich dién (-
) do thira e, con dién cuc kia tich dién (+) lam cho céac 16p dién tich kép & cac dién cuc bi
thay ddi, do d6 gifta 2 dién cuc s& xuat hién mot hiéu so dién thé c6 chiéu ngugc véi chiéu
nguon dién bén ngoai.

Vi du: bién phan dung dich CuCl,

(+) Anot: (-) Catot:
2CI -2e — (1, Cu** +2e — Cu
Xuat hién Cl,/CI Cu**/Cu

San phdm thodt ra & céc dién cuc dan t6i su tao thanh mot pin E;, = thé phan cuc = Ey.
3. Thé phan huy:

Su dién phan chi xdy ra & mot dién 4p hoan toan xdc dinh. Dién 4p t6i thiéu giita 2 dién
cuc dé su dién phan bét ddu xdy ra duoc goi 1a thé phan huy.

Nhu vay, vé mat ly thuyét thi By, = suét dién dong cta pin tao bdi cdc san pham thodt ra &
anot va catot = E, nhung thuc t€ Eg > E, va Ey = E, + N1 > 1 = Eq, - E, n duoc goi 1a qua
thé. m phu thudc vao ban chat cua dién cuc, trang thai bé mat dién cuc, thanh phan dung
dich, mat do dong, ...

4. Su dién phan chat dién ly nong chay

Khi cho dong dién mot chiéu di qua chat dién ly néng chay thi cdc cation di vé catét (-),
con céc anion di vé€ an6t va xay ra hién tuong phéng dién.

Vi du: dién phan néng chay NaCl

(-): Na* (+): CI
Na*+e —> Na Cl -e > 1/2Cl,
NaCl — Na + 1/2 Cl,

5. Pién phan dung dich cac chat dién ly:

Trong dung dich ngoai cac ion do chit dién ly phan ly ra con c¢6 ion H;O" va OH™ do nuéc
dién ly ra. Khi cho dong dién mot chiéu di qua dung dich céc cation kim loai M™ va ion
H,0O" s& di vé cat6t con cédc anion goc axit va ion OH s& di vé anot (-).

a. Qud trinh 0 catot:

Xay ra phan tng khlr cdc cation M™ theo phan tng: M™ + ne - M (1) hoac ion H;O*
theo phan tung 2H;0" + 2e — H, + 2H,0 (2) tuy thudc vao kha nang oxy hoa cta chiing dugc
dianh gia bang th€ khir. Trong dung dich ¢6 pH = 7 thé khir cia hydro 1a :
€ =—-0,059.pH = -0,413V . Va & pH =7 phuong trinh (2) duoc viét dudi dang 2H,0

H,0%/H,

+2e -> H, + 20H"



e Cic kim logi c6 thé khir €y > &y oo =—0,413V thi bj khir & catot theo (1).

Theo bang diy thé dién cuc tiéu chuin do 13 nhitng kim loai ding sau sit, nhung do
qué thé cua hydro nén bi diy dén cdc kim loai diing sau Al (khong ké Al) bi khir &
catot.
e Truong hop ngugc lai: Céc ion kim loai tir Al tré vé truGe day thé€ khir s& khong bi
khir ma ion H;0" sé bi khur theo phuong trinh (2).
b. Qua trinh o anét:
Xay ra su oxy hoa hoac anion, hoac ion OH™ hoac chat lam dién cuc tuy thudc vao kha
nang khir ciia chuing.
e Néu la dién cuc kim loai: Do kim loai c6 kha nang khir manh chat nén anét s€ bi tan
ra thao phan ting: M- ne - M™
e Néu anot la dién cuc tro: Xay ra qua trinh oxi hod anion goc axit hoac ion OH™ tuy
theo kha nang khir ctia ching gidm dén theo ddy sau: S* > 1 >Br > Cl' > F > OH >
anion chira oxy.
Vi du 1: Viét so d6 dién phan dung dich Na,SO, dung graphit lam dién cuc( anét tro).
Catot Na,SO4 Anot

H,0,2Na* <—— 2Na* + SO, —  SO4” ,H0

2H,0 + 2¢ =H, + 20H 3H,0 - 2e =2H;0" + 1120,
Tir so do diénphan trén ta thay thuc chat 1a su dién phan nude. Vai tro ciia Na2SO4 & day chi
la chat dan dién.
Vi du 2: Viét so d6 dién phan dung dich CuSO, diing anot bing dong.

Catot CuSO4 Anot (Cu)
H,0,Cu*" <—— Cu’t + SO — SO4* ,H,0
Cu®* + 2e =Cu Cu - 2e = Cu®*
Cu tao thanh bam vao catot Anot tan dan
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