CHUONG III
NHIET HOA HOC

1. Cac khai niém co ban:
a. He:

La 1 phan ctia vil tru c6 giéi han trong pham vi
dang khao sat vé phuong dién hoa hoc. Phan con
lai cua vii tru bao quanh hé duogc go1 1a moi
truong ngoai (mtng) doi véi hé.

Td: 1 coc chtra nude day kin: phan bén trong coc
[a hé, con thanh coc va khoang khong gian quanh
coc 1a (mtng).



.. Hé ho: 12 hé co thé trao doi ning lugng va vat
chat voi (mtng)

. Hé kin: chi trao d6i ning luong nhung khong
trao do6i chat véi (mtng)

. Hé ¢o 1ap: khong trao d6i ning luong va vat chat
V01 (mtng)
Td: Coc chtra dd hoa chat dang pu khong day nap
1a h¢ ho, con pu trong binh day kin la h¢ kin, pu
trong binh cach nhi¢t day kin 1a h€ co 1ap.
., Hé dong thé: hé chi co 1 pha,con hé chtra tir 2 pha
trd 1én 1a hé di thé ( Hé gom nudce 16ng nguyén chat
la dong thé, hé gom nudc va nude da 1a di thé)



b. Thong so trang thai va ham trang thai;
o.. Thong so6 trang thai:
Cac dai Iu’O’ng vat 1y nhu: ap suat(p) thé tlch(V)
nhiét do(T),s6 mol chat(n) dung dé biéu dién trang
thai ctia hé dugc goi 1a thong sb trang thai
Gilra cac thong sO trang thai c6 1 phuong trinh lién hé:
p: (atm),V:(Iit), T:(°K)
0,082 l.atm.mol"' = Hing s0
R - 1,987cal.mol! - khily
8,3 j.mol! | tuong

Khi da xac dmh du’oc 3 tri s, thi tri s6 thit 4 duoc
xac dinh.Do d6 khi biéu dién trang thai cua hé
thuong dung 3 thong so: p,V, T

pV=nRT -
Pt trang thai




p. Ham trang thai:
Trang thai ctia hé thay doi khi chi can 1 thong so

trang thai thay doi

Ham trang thai 1a 1 daj lwong co gia tr1 chi phu

thudc vao cac thong so trang thai cua he.

v. Qua trinh:

Xem 1 hé & trang thai (1:p,,V,,T,), khi 1 thong s6

trang thai thay doi —trang thai (2:p,,V,,T,)> hé da

thuc hién 1 qua trinh trr trang thai(1)—trang thai(2)
*1(pp, V1)) = *2 (p,, V), 1))

* Qua trinh dang ap: ap suat khong d01( Ap=0;p=const)
*Qua trinh dang tich: thé tich khong d6i(AV=0;V=const

+Qua trinh dang nhiét:nhiét do khong d6i(AT=0;T=const



*Qua trinh doan nhiét: khong trao doi nhiét (Q=0)
*Qua trinh thuan nghich: kha ning xay ra theo chiéu
thuan hay chiéu nghich 1a nhu nhau( — ).Qua
trinh chi x3y ra 1 chiéu 1a gt tu nhién (— )
c. Nhi€¢t va cong
Khi thuc hi€én qua trinh tu trang thai(1) dén trang
thai (2), hé co thé trao d6i niang lugng véi ming
dudi 2 dang: nhiét va cong.
o. Nhiét:
" m: khoi lugng (gam)
Q =mcAT - c: nhiét dung
CAT=T,-T,

m=1g ; AT=1 =»c=Q — c: nhiét dung riéng




m=M, AT= 1= Q= Mc =« : nhi¢t dung mol
Cdn ‘mol chit> Q=nc AT

p. Cong
A * Cong thay doi thé tich hé
Cong A * Cong hoa hoc
Truong hop chi ¢é cong thay doi thé tich:
A — pngoéi : AV { AV — V2 _Vl}
* P, = 0 (qua trinh xdy ra ¢ chan khong)=»A =0
« AV=V, -V, = 0(qua trinh dang tich)=>»A =0
* Qua trinh déng ap hoac thuan nghich:
png:phé:p 9 A:pAV




Qui ude vé dau:

Q < 0 =»phat nhiét

Q > 0 =»nhan nhiét

A< 0 =»nhan cong

A> (0 =» sinh cOng

II. Ap dung nguyén 1y I nhiét dong luc hoc.

1. Nguyén 1y I va nd1 nang
Xem he¢ thuc hi€n qua trinh tur trang thai (1) dén trang
thai (2) c6 thé theo nhiéu dudng qua trinh khac nhau:
Q#Q,#Q,#Q,
AZAZA2A,
Q,-A,=Q~A=Q,-A,=Q —A =hs=AU
AU=U,—-U, (U,va U, ndi nang cua hé
N +tranag th3i (1) va (D)




CAU=Q-A
Noi ning U 14 tat ca cac dang niang luong tich chira
bén trong he.

A=p, AV 2> AU=Q-p AV

Trong truong hop hé thuc hién 1 chu trinh:

> Q-=A

* Q> 0=>»A > 0: h¢ nhan nhi€t—sinh cong
* A <0 => Q <0: hé nhan cong—phat nhiét




2. Entalpr:

1 pu thuong dugc thue hién theo 1 trong 2 cach sau:
. Binh kin, V|, =V, =¥ qua trinh dang tich(AV=0)
AU=Q - A=Q - p, AV=Q,2AU=Q,: nhiét dang tich
* Q,>0=>»AU>0=»h¢ nhan nhi€ét—U_>U,:hé nong lén
QV<O-)AU<O =>h¢ phat nhi¢t—U,<U, he lanh di

. Binh hd, ap suat tac dung 1én hé la ap suat khi

u%en =latm =» qua trinh dang ap
Q-A=Q-pAV=> Q=AU + pAV

Q,=U,—-U,+ p(V,-V)=(U,+pV,) - (U, +pV))

Dbat: H,=U,+pV,;H,=U, +pV,

La Entalp1 cua hé ¢ trang thai (2) va (1)

AH=H,-H, =Q nhié¢tdangap V& H=U+pV




Q >0=» AH>0=>»h¢ nhéan nhiét:H,>H, =»h¢ néng 1én
Q <0=» AH<0=>h¢ phat nhiét:H,<H,=»h¢ lanh di
3. Hiéu trng nhiét

Hi¢u tng nhi¢t cua 1 phan rng 1a nhiét trao doi
gifta pu voi mtng & diéu kién AV = 0 hoic Ap = 0.
. AV =0:=2»AU = Q,, : hiéu irng nhiét defmg tich.

. Ap=0=2AH = Q_: hi€u ung nhiét dang ap.

Su l1€n quan gitra AH va AU

Tac6: H=U+pV =AH = AU + pAV

AH =AU +p(V,-V,)=AU + pV, pV,

AH =AU +n,RT —n,RT =AU + (n, —
ADRFAU + An.RT  An =Y mol khi(sp)-Ymol khi(tc)
Con trong qua trinh; Q_= Q,, + An.RT I




Td: 2NH,(k) +32 O,(k) — N, (k) + 3H,0O(k)
AH =AU+An.RT = AUH(14+3-2-3/2)RT=AU+ %2 RT
a. Nhi€t tao thanh va nhi€t phan huy
o.. Nhiét tao thanh mol tiéu chuan
La hieu ung nhiét cua phan ung tao thanh 1 mol

héa chat tir cde don chat bén & diéu kién chudn
(p=I1atm, T = 298°K{25°C}

Td: C(tc) +3/2 O,(k) + Ca(r) — CaCO,(r)
AH®5 = AH® 555 [CaCO;4(r) |



Td: H,(k)+ 2 O, (k) — H,0(I)
AH®g = AHOtt 298 [H O()]
AH, 56 thuong < 0 va AH, ., | cang bén

AH, o5 [don chat] = 0

B. Nhi¢t phan huy mol ti¢u chuan

La nhiét trao d61 khi phan huy hoan toan 1 mol hoa
chat thanh cac don chat bén ¢ dkc

H,0(1) — H,(k) + 2 O,(k) AH, = AH" ) .5 [H,O(1)]
AHC | 5 thuong >0 va AH® | .. 1 = cang bén

b. Nhiét d6t chay mol tiéu chuan.
La hiéu tmg nhiét cua pu dot chay hoan toan 1 mol
hoa chat bang O,(k),san pham tao thanh la cac oxyt

bén cua cac nocuveén to tao thanh hoa chat & dkc.



H,(k) + 2 O,(k) —-H,O(l) AH?,, = AI?Ioch 208 [HL(K)]
AH®,, o thuong <0 va AH°, .. [don chat] # 0

4. Pinh luat Hess va h¢ qua.

a. Pinh luat Hess
Mot pw ¢ thé xdy ra theo nhiéu giai doan, hiéu g
nhiét tong qudt bang tong hiéu g nhiét cua cac
giai doan trung gian. Va hieu ung nhiet tang quat

chi phu vao trang thdi dau va trang thdi cudi ciia pu
[ +J

/A'Hl \AH2

A+B—C+D AH%=AH,+AH,=AH;+AH,+AH;

H, AH, AH,

E+F—>G+H



C(te) + O, (k) & Co,(k)
AH, - AH, AH°,, = AH, + AH,
CO(k)
C6 thé biéu dién dinh luat Hess duéi dang:
Clte) + 4 0, (k) —» COk) (1) AH,
|CO(K) + % O,(k) = CO,(k) (2) AH,
(D+2)=(3) D C(tc)+0,(k)—CO, (k) AH,=AH,+AH,
b. HE qua:

o.. Phan rng thuan nghich

AH - AH = AH, + AHng = ()

+B.- " C+D -
A+E AH,, ¢+b >AH,, =-AH,,




B. Tinh hi€u trng nhi¢t cua pu theo nhi€t tao thanh
AH

AB + CD — AC + BD
lAHl M A,
A+B C+D

AH = AH, + AH, + AH,
AH =-1 AI?Iott 298 AB.
AH, = -1.AH?, ,, [CD’
AH, = + 1.AHC, ,, [AC] + 1.AH, ,, [BD]

AH= {1.AH°, . [AC] + 1.AH’,,,.[BD]}
-{LLAH® ,s[AB] + L.AH®, ,o,[ CD]}




Xem pu tong quat
mA + nB — pC + gD

AH?, 5 = {mAH® 298[C] T nAHOM%[D] |
-1 pAHOu,z%[A] T qAHOtt,298[B] h

AH?5, = 2 AH?, 5o5[san pham] 2 AH? o5 tac chat]

Td: 2NH,(k) + 32 O,(k) — N,(k) + 3H,0(k)
AH?, g, = 3AHOtt,298[H20(k)] - 2AHOtt,298 [NH, (k)]
AHY, .= 3.(-241,8) - 2.(- 46,2) = - 633k



v. Tinh hiéu rng nhiét cua pu theo nhiét chay.
Xem pu: H,C=CH,(k)+ H,(k) — H,C—CH,(k)
C,H,(k) 30,(k) — 2CO,(k) + 2H,O(1) (1) AH,
H,(k) +1/2 O,(k) — H,O(1) (2) AH,
C,H.(k) +7/20,(k) — 2CO,(k) + 3H,O(l) (3) AH,
(1) + (2) — (3) —pu can phai tinh
=>AH°,,.= AH, + AH, - AH,
> AH® 5= 1-AHOch,z%[CzH4(k)] T I-AHoch,z%[Hz(k)]
B I'AHOch,298[C2H6(k)]

AH® 5= ZAHoch,z%[tC] - ZAHoch,z%[Sp]




8. Tinh hiéu tng nhiét theo na%{luqng lién keét.
Xem pu: H,C=CH,(k) + H,(k) — H,C—CH,(k)

AH, AH, ﬁ_g

2C(k) + 4H(k) 2H(K)
AH,. = AH, . AH, + AH,
AH=E. . +4E_,
AH,=E, 4
AH,=-E. .+ -6E .,
AH = {Ec_c T 4By tEyy b - {Ecc T 6E )

AH®,4¢= 2 By - ZErép




Xét dau AHC,,, ctia phan ng:

AH°,,, <0 =» pu phat nhiét: pu dé xay ra.
AH°,,, > 0 =» pu thu nhiét: pu kho xay ra.
AH°,,. = 0 =» pu doan nhiét: pu kho xay ra.

Pu c¢6 AH cang < 0 = cang dé xay ra.

Td:pu: H,+ X, - 2HX  X( halogen)

FZ
Cl, AH®,,, 1= pu cang kho xr
Br,
L, .




II1.Nguyén ly 2 nhiét dng lwe hoc - chiéu qua trinh

1. Nguyen 1y 2 nhi€t dong luc hoc — Entropi
A Vi V=V, +V,

nAmol Chan Tw nhién
khi khong

(1) (2)
Khi h¢ thuc hién qua trinh te(1) —(2) :
Do:( tu do, xao tron, bat trat tur), Xac suat hién
dién phan tur khi 1
=» Trong qua trinh tu nhién, h¢ ludn di tr trang thai
cO d0 tu do ,xs hién di€n phan tir khi thép dén trang
thai co do tu do, xs hién dién phan tur khi cao.

n,mol khi




V=V, . T,=T;

bxt,dtd (A) =(B) Dbxt,dtd (A)t > (B)
=>Bién thién cia dxt,dtd cia hé ty 1¢ thuan voi
luz()’ng nhiét Q trao doi cia hé.

V,; T.>T, QB
. .

btd(A) > (B) Adtd(A) <(B)
=> A dtd cua hé ty 1€ nghich véi nhiét d§ dang khao sat ctia hé




Vay: Moi trang thai cta hé dugc biéu dién bai 1
ham so xac suat entropi S (entropi S 14 ham so biéu
dién d6 tu do,xao tron,bat trat tu,va xac suat hién
dién phan tir ctia hé),ma bién thién cta S dugc cho
bo1 hé thic:

0 Qua trinh thuan nghich=>»AS, =Q, /T

AS, . > — o "

hé = . Qua trinh ty nhién =» AS,. >Q, /T
Moi hoa chat déu c6 1 gia tri S°,,, > 0 x4c dinh.
Hoéa chat ¢6 ST = dd tu do 1

Véi 1 héa chat: S, > S > S




2. Tinh bién thién entropi cua 1 phan {ing.
Xem pu: mA +nB — pC+ gD
S5 =1 psoz%[c]"_qgoz%[D]}'{mgoz%[A]_"ngoz%[B]}

S%0s = 2.8l SP] - 2.S%s[tC]

Td: CaCO,(r) — CaO(r) + CO,(k)

AS°95 =1.8%504[CaO(r) [+1.5°,45[CO, (k) ]-1.50,05[ CaCO;(1)]
AS®,., = 39,7 +213,7 — 88,7 = 164,7 kj/’K

. CO thé du doan dau cua AS dua vao An cua pu:

An > 0 D AS > 0; An<0=>AS<0; An=0=>tinh cu thé
N, (k) + 3H,(k) — 2NH,(k) c6 An= 2-1-3=-2=2AS<0




3. Xét dau AS cua pu:

) , AS > 0 =>dé x3y ra. ?
Motpuco: - AS=0=> kho xdyra. - AST=>deé xr
'AS <0 =» khoé xay ra..

4. Chiéu cua pu

—_

Nguyénly 1 va 2 riéng 1& khong két luan duoc pu xay
ra dugc hay khong. Do do phai két hop 2 nguyén ly

Viéc két hop 2 nguyén Iy —ham trang thai: G=H-TS
G:ham Gibbs, nl tu do,thé dang nhiét dang ap

Khi h¢ thuc hién qua trinh tu (1) — (2) ta co:
AG=G, -G, =H,-T5,) - (H, - T§))

AG=(H,—-H,)—T(S,—-S,)= AH - TAS
AG°.= AH°, - TAS®,




AG®, o [hoa chat] 1a AG®,,, ctia pu tao thanh 1 mol
hoa chat tir cac don chat bén & dke.

H, (k) + % O,(k) — H,0(k)
AG® g5 = AGOtt 298[H O(k)]

. AG® ,45[don chat] =

Xem pu: mA +nB — pC+gD

AG®, {PAGOu 298[C] T qAGOEws[D]}
{mAGOtt,298[A] T nAGOtt,298[B]}

AG®, o ZAGOu 205 SP] - ZAGOu,z%[tC]




AG = AH - TAS ‘
. AH<0, AS>0=» AG<O0: pu tu xay ra theo chiéu thuan

. AH>0,AS<0=>AG>0: pu tu x3y ra theo chiéu nghich

—

AH
AH
AH
AH
AH
AH

. AH<0,AS<0: -

. AH>0,AS>0: -

—

>

<

>
<

TAS
TAS
TAS
TAS
TAS
TAS

=2 AG<0:pu tu xr (—).
> AG>0:pu tu xr («).
=2 AG=0:pu( )

=2 AG>0:pu tu xr(«)
= AG<0:pu tu xr(—)
= AG=0: pu( )

V& duong biéu dién AG theo T ta co:



AG +

AH>0;AS<O0




AG

AH > 0; AS >0




AG]

AH>0;AS=0




AG |

AH<0;AS<O




AG |

AH<O0;AS>0




AG

AH<0;AS=0




AG |

AH=0;AS<0




AG |

AH=0;AS>0




AG |

AH=0;AS=0
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