JA DAI CUCONG — GV Nguyén thi Bach Tuyét

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

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

Vi du: Tinh x4c sut nhiét dong cua cac hé sau
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IL. Khai niém vé Entropi:

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

Hon loan thap Hon loan cao
T AH:O
o (S0 eget bores

Tw phat Woe

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

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

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

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

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

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

xéac dinh trong mang tinh thé , ¢ cting mot nang luong cuc tiéu nhu nhau (trang thai trat
ty nhat ) nén hé chi c6 mot cach sap xép W =1
— So=kinW =0
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» Tudaytaco thé tinh duogc entropi tuy¢t ddi cua cac chét & cac nhiét do khac nhau.

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

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

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

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

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

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

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

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

e Apsuat: latm

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

4. Tinh AS%gs trong cac qua trinh héa hoc :
Phan wng hoa hoc: aA + bB = ¢C + dD
AS%gs = (cS%gs (C) + dS%ss (D)) - (aS%ses (A) + bS%gs(B))
Vidy: Tinh AS),, ctia phan Ung :
Cwr) + CO = 2COw
Spys (3/mol.K) 5.74 213.68 197.54
Phan tng ¢6 An =1 >0 nén lam ting thé tich AV >0 — entropi ting ASy > O
AS 25 = 2% S35 (CO) —[S 355 (C) + S5 (CO, )]
=2x197.54-[5.74+213.68]
=17566J/K >0

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

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

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

qua trinh héa hgc

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

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

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

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

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

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

mooT T T

" PatG=H-T.S

HE PU (dang ap — dang nhiét)

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

Qne = AUpy + P.AV +A° = AHpy + A’

Vi A° 20 nén AGpw £0

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

dat gia tri cuc tiéu.

PIEU KIEN TU PHAT CHO QUA TRINH PANG NHIET PANG AP

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

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

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

phan trng quang hoa .....trir cong dan nd.
+ MOt qua trinh sinh cong c6 ich (A’ > 0) 1a qua trinh ty xayra .

+ Néu qua trinh 1a thuan nghich thi cong hitu ich cuc dai ma hé sinh béng do giam
ctia thé dang ap.
A'max = —AG
Y nghia : Néu qua trinh xay ra trong hé la thuan nghich thi cong hiru ich cue
dai ma hé sinh bing @6 giam thé dang ap.

4. Anh hwéng ciia nhiét do dén chiéu dién ra ciia qua trinh héa hoc

O diéu kién dang 4p, dang nhiét mot phan uing c6 kha nang tu xay ra (trén phuong dién

nhiét dong hoc ) khi bién thién thé dang ap ciia phan tng thoa méan diéu kién :

AG=AH -TAS <0

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

> Nhu vay truong hop nay yéu t entanpi s& quyét dinh chiéu dién ra cua qué trinh.

+ O nhiét do cao, do | AH | << | T. AS | nén dau AG phu thudc vao dau AS

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

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

5.Thé ding ap tiéu chuin AG’t

e Cac chit ¢ trang thai chuan :néu 1a chat khi phai 13 khi 1y twéng Px=1atm; néu la dung
dich thi C=1mol/l; néu 14 chit ran va 1ong phai ¢ dang da hinh bén & nhiét do khao sat.

e Nhiét @6 T tuy y, ky hiéu :

AG’t

e Néu chon & T=298K , ky hiéu: AG%ss




HOA PAI CUONG — GV Nguyén thi Bach Tuyét

e Donvido :kl hay kcal

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

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

o Ky hiéu : AG%gg

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

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

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

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

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

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

¢)Theo hing sé cin bang:

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

Néu AG°[J] thi R = 8,314 J/mol.K

Néu AG? [cal] thi R= 1,987 cal/mol.K

d)Theo stec di¢n dpng ciia nguyén té6 Ganvanic:
AGoz9s(pu») = -nE°F
Trong do:
> n-1aso electron trao doi ciia phan ng oxyhoéa khir thue hi¢n trong pin dién.
> E°[v] - sikc dién dong tiéu chuin ciia nguyén té6 Ganvanic
> F :s6 Faraday
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Néu AG° [J] thi F = 96500 [Culong.mol™]= 96500 [Jun/von.mol]
Néu AG? [cal] thi F = 23061 [cal/von.mol]
e) Theo chu trinh nhiét dong:
Vidu: tinh AG% ctuaphanung A — B
Cho biét : A — C AG%
C — B AG%
Conghaiputaco: A — B AG%=AG% + AGY%

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

trén phwong dién nhiét dong hoc.

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

298K phii dwa vao gid tri AG29s0u)

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

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

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

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

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

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

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

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

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

a) Tinh theo AG,

2981t
AG s pu = [AG 551 (Ca0) + AG 4, (CO, )] — AG 44, (CaCO,)
=[-604+ (-394.38)]- (-1129)=130.62kJ> 0

b) Tinh theo phuong trinh nhiét dong :

AH 0298FJU =[AH ggsn (CaO) +AH 298tt (CO,)]-AH ggsn (CaCO;)
=[-634.94+ (-392.92)]- (-1205.93)
=178.07kJ=178070J >0

AS° 2s8pu =[S 305 (CaO) + S 364 (CO, )]~ S35 (CaCOs)

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

AG 20800 = AHg98pu — 298AS %208

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

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

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



