Chuwong V1. Nhiét héa hoc Nguyén son Bach

CHUONG VI:NHIET HOA HQC
I. CAC KHAI NIEM CO BAN :

1. Khai niém vé nhiét dong hoc , nhiét dong hoéa hoc, nhiét hoa hoc va nhiét phan wng:

Vit chat khong ngung chuyén dong, moi qua trinh chuyén dong deu di kém theo sy bién dbi
nang luong. Dé nghién ciru qué trinh chuyén dong ciia vat chat can nghién ctru cac qui luat
bién dbi giita cac dang ning lwong véi nhau.

a. Nhiét dong hoc(Thermodynamics): & mén hoc nghién ctru su chuyén héa twong hd giita
tat cd cac dang nang lwongvdi nhau, dic biét 1a nhitng qui luat c6 lién quan té1 cac bién doi
nhiét ndng thanh cac dang nang lugng khac.

Co s 1y thuyét ciia Nhiét dong hoc 12 3 nguyén Iy I, 11 va I11.Trong d6 quan trong
nhat la nguyén ly I va II.
b. Nhiét dong hoa hoc (Chemical thermodynamics): la mot nhanh cta nhiét dong hoc
nghién ctru cac qui luat vé su chuyén hoa tuong ho gittahda nangva cdic dang nang lwong
khéctrong cac qua trinh hoa hoc.

c. Nhiét héa hoc (Thermo chemistry): 1a mon hoc chuyén nghién ctu su chuyén hoa
gittahda nang va nhiét nang, nghia la chuyén nang lugng cia phan tng héa hoc thanh nhiét
nang.

d. Nhiét phan wng (hay con goi hiéu wng nhiétcia phan ng): la lugng nhiét di kém theo
mot phan trng dudi dang thu vao hay phat ra . Nguoi ta phan biét :

e Hiéu tng nhiét trong qua trinh diang ap( P = const): ky hiéu AH .
e Hiéu ng nhiét trong qua trinh ding tich( V= const): ky hiéu AU.
Quy wéc vé diu :*qua trinh phat nhiét(exothermic) cd AH , AU <0 .
*qua trinh thu nhiét(endothermic) c6 AH, AU > 0.

(A = trang thai cudi — trang thai dau ) (final state — initial state)
2. Khai niém vé hé (system) , trang thai (state) , qua trinh (processes):

a.H¢ (nhi€t dong): 1a luong xac dinh ctia mot hay nhiéu ciu tir & diéu kién nhiét 4o, 4p suét va
ndéng do xac dinh. Phan con lai bao quanh hé dwogc goi 13 méi trudng (surroundings).

Cac loai hé:
e H¢ ho (open system): hé c6 thé trao doi chat va nang lugng véi moi trudng ngoai.

o Hé kin (closed system): hé khong trao d6i chdt ma chi trao ddi ning luong voi moi
truong ngoai.

e Hé cé lap (isolated system): 1a hé khong trao d6i ca chat va nang lugng v6i moi truong
ngoai.

e Hé dong thé (homogenous system): tit ca cac cdu tir trong hé cing mot pha hay la
khong c6 bé mat phan chia giita cac ciu tir . Hé dong thé c6 cac tinh chét hoa, 1y gidng
nhau & moi diém trong h¢.

e Hé di thé (heterogenous system): cc cau tir trong hé khéac pha hay 1a c6 bé mat phan
chia gitra cac cau tur (céc chat cung mot trang thai ran , long , khi van co thé khac pha,
thi dy hdn hop dau hoa va nudc ).

37

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


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

Chuwong V1. Nhiét héa hoc Nguyén son Bach

Surroundings Matter Matter

Energy
M VT Eﬁ}nergy

Energy
(a) Open (b) Closed (c) Isolated

b. Trang thai (nhiét dong) ciia hé va thong sb trang thii, ham trang thai:

e Trang thai ciia hé duoc x4c dinh bang tap hop cac dai luong dic trung cho cac tinh chat
hoa 1y cua hé nhu nhiét do, ap suat, thé tich, thanh phan, nang luong...Cac dai lwong noi trén
la c&c thong so trang thdi. Trang thai ciia hé s€ bién doi khi co it nhatmot thong so trang thai
bien doi.

e Thong so trang thai duoc chia lam hai loai:

*Thong s6 dung dp: ty 18 v6i luong chatctia hé nhu:sd mol n, khoi lugng m, thé tich
V, nang lugngE, ... Qéc thong sédung d cé tinh cdng (c6 nghia 1a cong dai lugng nay cia cac
chat thanh phan thi bang dai lugng nay cua hon hop )

*Thong so cwong dj:khong ty 18 v6i lwong chét ciia hé nhu: nhiét do T, ty khbi d,
nong do C, khoi lugng riéng p, thé tich mol ... Cac thong so cuong do khong ¢ tinhcong.

e Ham trang thdi(state functions) 1a ham biéu dién mdi quan hé giira cac thong sb trang
thai. Ham trang thai c6 gia tri chi phu thudc vao cac thong ) trang thai cia h¢ chu
khong phu thudc vao cach bién ddi ciia hé (nghia 1 khdng phu thubc vao dwong di ciia
qud trinh). Nhiét d6 T, ap suat P, thé tich V, noi ning U, enthalpy H, entropy S, thé
dang ap G ... 1a nhirng ham trang théi .

*yeu y:“Théng s6 trang thdi” khac véi “théong sé qud trinh”. Théng sé6 qud trinh 1A cAc
thong so phu thuéc vao dwong di cua qud trinh (nhunhiét Q,cong A...)

e D¢ tién so sanh, doi chiéu,ldp dir liéu ,cac dai lugng nhiét dong dugc quy udc & dieu
Kién chuan cta nhiét hoanhu sau:

o Chat phai tinh khiét va & trang thai tip hop bén dudi p va T chuan.

o Chat ran phai & trang thai da hinh bén & diéu kién p va T chuan.

o Chat khi phai 1a khi Iy tudng (& p chuan).

o Chat tan trong dung dich thi nong d6 phai la 1 mol/l.

o Ap suit chuan 1a 1 atm (101,325kPa )

o Nhiét do chudn co thé 13 bat ky, tuy nhién thudng ly 1a 298,15°K (25°C)

o Trang thdi cin bang: 1a trang thai cOgia tri clia cac thong sb trang thai & moi diém cia
h¢ phai nhu nhau va khong thay doi theo thoi gian.

c. Qué trinh (nhiét déng)(thermodynamic processes): khi mot hé chuyén tir trang thai nay
sang trang thai khac ngudi ta noi hé thuc hién mot qua trinh

o Qud trinh dang dp (isobaric) : P = const
o Qud trinh ddng tich (isochoric): V = const
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o Qud trinh dang nhiét (isothermal): T = const

© Qud trinh dogn nhi¢gt (adiabatic): Q = const (hay AQ=0). H¢ khong trao d6i
nhiét song co thé trao do6i cong véi moi trudng xung quanh.

o Chu trinh (cyclic process):1a qua trinh bién d6i hé qua mot sO giai doan dua hé
dén trang thai cu6i trung voi trang thai dau. (tat ca bién thién ctia cic ham trang
thai déu bang 0)

II. NGUYEN LY I VA HIEU UNG NHIET:
1. Ngouvén 1lv I nhiét dong hoc va hiéu @rng nhiét:

a. Nouvyén 1y I nhiét dong hoc (First Law of Thermodynamic):

e Nguyén 1y I nhi€t dong hoc chinh 12 mdt cach phat biéu khac cﬁ’a dinh luat bao toan
nang luong: “Khong cé mot dang ndang lwong nao tw sinh ra hodc tw mat di, chung chi dwoc
chuyén tir hodc chuyén thanh mot dang nang luong khac voi lwgng phdi dwoc bdo toan

e Phét biéu nquyén Iy |: Khi cung cip cho hé mét lwong nhiét Q thi lwong nhiét nay
dung lam tang ngi nang U cua hé va giup hé thuc hién mgt cong A chong lai cdac luc bén
ngoai tac dong lén hé.

Biéu thirc toan hoc:lQ = AU + AVéi | A =] PdV|

e Cong (Work) A la cong do hé thuc hién trong
qua trinh chuyén tir trang thai 1 sang trang thai 2 dé
chong lai cac lyc bén ngoai tac dong 1én h¢ nhu: ap
suat, dién truong, tr trrong, suc cdng bé mat. ..

e Quy udc vé dau cua cong A:

Hé¢ sinhcong : A>0

Hé nhgn cong : A<O0

Qua trinh déng tich (AV=0) | Cong danng A =0 Qu=

Qua trinh dang ap Cong dan nd A = P.AV Q, = AU +P.AV

b. Noi nang U (Internal energy):

e Noining U ctia hé 1 ning luong sén co, tim an bén trong hé, bao gdm: ning luong cla
chuyén dong tinh tién, chuyén dong quay, chuyén dong dao dong ciia nguyén tir, phan
tir, hat nhan, e trong h¢; nang lugng tuwong tac hut day cua cac phan tir, nguyén tir, hat

nhan, e, nang lugng bén trong hat nhan. Néi tom lai, U 1a nang luong

toan phan cta hé trir dong ning va thé ning cua toan hé.

e Noi nang U la ham trang thai, 1a thong sb dung d9, dugc do
bang don vi ning luong (J/mol; cal/mol). U phu thudc vao ban chat,
luong chat, T, P, V, thanh phﬁn cua hé.

e Nguoi ta khong thé xac dinh duoc chinh xac tuyét déigié tri n01 nang cua hé tai mot
trang thai (vi khong thé dua hé vé nhiét d6 0 tuyét d6i), nhung dua vao ning lugng phat ra hay
thu vao cua h¢ nguoi ta cod thé suy ra mét cach chinh xéc do bién thién noi nang AU cua hé khi
hé chuyén trang thai :
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AU=U,-U; =Q,

c. Enthalpy H:
e Dbi voi qua trinh dang ap ta co:
Qp = AU +PAV = (U, —Uy) + P(V, - V)
= (Uat PV) — (U + PVy)
= H, - H; = AH

Véi: [H = U + PV]. H duoc goi 1a enthalpy va cling 1a mot ham trang thai cua hé.H bao

gom néi ning U va khd ndng sinh céng tiém dn Acua hé. Vay H 13 ning lugng dy trit toan
phan ctia hé.Pon vi do ciia H: kd/mol hay kcal/mol.

2.Hiéu &ng nhiét cua cac qua trinh hoa hoc va phwong trinh nhiét hoa:

a.Hiéu wng nhiét:

Vay: Hiéu Gmg nhiét ctia qua trinh dang tich 1a AU.
Hiéu ting nhiét ctia qua trinh déng 4p 1a AH.  Véi: AH = AU +PAV|

* Hiéu wng nhiét tiéu chuan ki hiéu AH0298 s hoac AH® néu khong chu y den'T.
*Quan hé gitta AH va AU

e Trong c4c phdn iing chi cé chit long va chdt rdn tham gia hoic phan Gmg xdy ra &
trang thdi dung dich thiAV c6 gia tri khong dang ké. Do d6 khi qua trinh nay duwoc thuc hién
& ap suét thap (ap suat khi quyén) thi PAV = 0 nénAH = AU.

e Trong cac phan &ng c6 sy tham gia ctia pha khi, gia sur khi 1y tudng, ta co:

PV =nRT
Suyra: PAV =An.RT (Piéu kién dang nhiét , dang ap )
Nén: IAH = AU +An.RT]

KhiAn =0 =>AH =AU  V6i: {An = ) nypi AN pHAM) ~2Dkhi (CHAT PAU)Y
R=1,987cal/mol.K = 8,314 J/mol.K
b. Nhiét tao thanh tiéu chuin:

o Nhiét tgo thanh tiéu chudncia mot chat (AH 298 whay AH° 208 f)1a hiéu ung nhiét cta
phan tng tao thanh 1 mol chat d6 tir cac don chat bén viing nhat & diéu kién tiéu chuan

(25°C,latm).
TD: C(graphit) + Oy(k) — CO,(K) ; AH 05 = -393,51 k].  =>AH 081 couy = -393,51 kJ.mol™

e Quy wdc:Nhiét tao thanh tiéu chuin ciia cicdon chit bénbing 0(vi du: Cl, khi, Br,
long 1, ran, C graphit, S ta phuong,P do...).

e Nhiét tao thanh cta cic chit co gia tri cang am thi cang bén.

c. Nhiét dot chay tiéu chuén:

o Nhiét dot chdytiéu chudncia mot chat(AH 208 achay AH g b) la hi¢u ung nhiét cua
phan g d6t chay 1 mol chat d6 bang oxy vira du dé tao thanh cac chat bén viing nhat & diéu
kién tiéu chuén (25°C, 1 atm ).

40

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


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

Chuwong V1. Nhiét héa hoc Nguyén son Bach

e Déi véi cdc chdt hitu co, nhiét d6t chay 1a hiéu Gng nhiét cua phan tng d6t chay 1 mol
chat hitu co bang oxy vira du tao thanh khi CO,, nudc 1ong va mot sé san pham khac (N, , X,
, HX...)

TD:  C,Hg (k) + 3,50, (k) — 2CO, (k) + 3H,0 (f) , AH 5 = -1558,39 kJ.
= AH 0540 came o = -1558,39 kd.mol™
*Cha ¥: AH 205 e 0200: conio: H20(t) = O (Vi céc chat ndy khong chay)
e Nhu vay c6 mot s6 phan tng vira 1a d6t chay chat nay ciing vira 13 sinh ra chét kia, nén :
TD: AH 05 4 C(graphit) = AH 05 Coz(K) AH% 05 4 Ha(k) = = AH° 298 tt H20(()
* Nhiét tao thanhtiéu chuan va nhiét dot chay tiéu chudn la cdc dai luwong tra bang.

d.Phuong trinh nhiét héa va chiéu dién ra ciia cic qua trinh hoa hoc:

e Phuong trinh nhiét hoa la phuong trinh phan tng héa hoc thong thuong c6 ghi kem
hi€u tng nhiét va trang thai tdp hop, dang thu hinh cta cac chat.

o C6 thé xir ly cdc phwong trinh nhiét héa nhw nhitng phwong trinh dai sé(cong, tri,
nhan voi mot hé so, doi chiéu ...thi AH ciing chiu cung cdch xir ly)

TD: Cho: (1) C(graphit) + O5(k) —>CO5(k) ,AH%qs )
(2)  C(graphit) +1/2 Oy(k) —CO(K) , AH 652
Tinh: (3) 2CO(K) + Oa(k) —2CO4(K) ,AH 305 3= ?
Nhan xét: [(1) - (2)]2 = (3) =>AH05(3) = 2[AH 208 1) - AH 208 ()]

* D dodn chiéu hwong dién ra ciia phdn irng héa hoc: 6 diéu ki¢n nhigt d thip, phén teng
phat nhiét (AH<0) la phdn ting co khd nang xdy ra tw phdt.

TD:  Zn(r) + 2HCI(dd) — ZnCl,(dd) + H,(k), AH s =-152.6kJ

Yo Hy(K) + Y2 Cly(k) — HCI(K)  ,AHqg = -92,8kJ

C(graphit) + H,O(k) — CO(K) + Ha(k), AH%qs=+131,3 kJ
Cha y: Hiéu tng nhiét cua phan tng ty 1& v6i lugng chat ciia phan tng

TD:Hy(k) + Cly(k) — 2 HCI(K) AHg5 = - 185,6kJ
3.Cac dinh luat nhiét héa va hé qua

a. Pinh luat Lavoisier — L a Place:

‘Hi¢u itng nhi¢t cua phan ing nghich bang hiéu g nhiét ciia phdn iing thudn nhung
trdi dau.
Vidu: % Hy(K) + % 1,(k) — HI(K) AH05 = +26,48 kJ
HI(K) —>Y2 Hy(k) + % 15(k) AHP5q5 = -26,48 kJ
b. Pinh luiat Hess(1840)va chu trinh Born -Haber:

Hiéu vng nhiét cua phan vng hoa hoc chi phu thuéc vao ban chat va trang thdi cua cac
chat dau va cuoi ma khong phu thuéc vao dwong di cua qud trinh, nghia la khong phu thudc
vao so lwong va dac diém cua cac giai doan trung gian.
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Noi cach khéac: néu cé nhiéu cdch bién doi hé tir trang thdi dau sang trang cudi thi tong
hiéu rng nhiét cua moi cach phai bang nhau.
*Minh hoa bang chu trinh Born - Haber:
C
AH,AH,=>)f; =AH, + AH; = AH, + AH; + AH{4

A / AHy e 4

Pau @ B| Cuoi*Nhin xét:
AHAHge \Erang thai d?\.\- xuAt phiit tAt ca miii tén.

D—————> E= Trang thai cudi: hoi tu tat ca miii tén.

c. Cac hé qua:

o Hé qud I: Hiéu irng nhiét ciia phan g bang tong nhiét tao thanh cia cdc san pham
true di tong nhiét tao thanh cua cac chat dau.

0 _ 0 . i 0 . R
\AH 298 PU_— Z AH 508 1t (SAN PHAM) ~ ZAH 298 tt (CHAT BAU)’

o Heé qua 2: Hiéu iing nhiét ciia phan vmg bang tong nhiét dot chdy ciia cdc chdt dau triv
di tong nhiét dot chay cua cac san pham phan ung.

0 — 0 ) . 0 . .
\AH 298 PU_— Z AH 298 dc (CHAT PAU) ~ Z AH 298 dc (SAN PHAM)’

o H¢ qua 3: Hiéu ung nhiét cua phan ing bing tong nang leong lién két trong cdc chat
dau triv tong nang lhwong lién két trong cdc san pham.

\AH 208 pU = D Eicir pav) = 2 Eik sin PHAM)’
TD: 2CH,(K) — CoHa(K) + 3H,(K) ; AH 05 = ?

*AH 08, = AH 08 1t carzag - 2AH 08 1t chage
* AH 298 x — ZAH 298 dc CH4(k) ~ AH 298 dc C2H2(k) ~ 3AH0298 dc H2(k)
* AH0298 X = 2AHOz9s dc CH4(k) ~ AH0298 dc C2H2(k) ~ 3AH0298 tt H20())
* AH0298 x = 8Ec—n— Ec=c = 2Ec-n — 3Eq-n
*Ap dung dinh ludt Hess va hé qud:
TD;: Cho : (1)C(graphit) + O(k) — COx(k) AH5050)= -393,5kJ
(2)CO(K) + %0,(k) — CO(K), AH050)= -283,0kJ
Tinh AH 08 1 cog ?
Giai:Lay (1) — (2) ta dugc:C(graphit) + % O,(k) — CO(K)
= AH%gucory = -393,5 -(- 283,0) = -110,5 kJ/mol
TD,: Phan tng phan huy da voi CaCOsg; :
CaCO;3(r) — CaO(r) + COy(k)
AHCgg  (kd/mol) ~ -1206.9 -635.5 -393.5
=>AHg5 = (-635.5 - 393.5) - (-1206.9) = + 177.9 kJ.
TD3: Tinh ning luong lién két O—H trong phan tir H,0, biét:
2H(K) + O(k) — H,0(k), AH®=-924.2 k] => Epan iyroo= 924.2 kJ/mol
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Theo cau tric phan tir thi trong H,O ¢6 2 lién két O—H, nén ning luong lién két sé 1a: Eo—n
= Y% Ephan ynz0= ¥2(924.2) = 462,1 kJ/mol.

4.Sw phu thuoc cua hiéu wng nhiét vao nhiét do - Nhiét dung:
a) Nhiét dung:

o Nhiét dung ciia mot chat 1 nhiét lwong cin cung cap dé nang nhiét do cta chat d6 lén
thém 1°C.

* Nhiét dung riéng — nhiét dung mol la nhi¢t dung twong ng vo6i 1 gam hay 1 mol chét.
Néu xét hé & didu kién ding 4p hodc dang tich, ta c6 nhiét dung mol dang ap (Cp) hoac nhiét
dung mol dang tich (C,). Pon vi do: J/mol.K hoic cal/mol. K

d d
o L, [ %,
Poodr dr
Qp = 4H Qv =4U
dAH dAU

C, = C, =
dT dT

o Dbi véi cac khi ly tuong: C, — Cy = R
b) Sw_phu_thudc ciia_hiéu irng nhiét vao nhiét dd:duoc thé hién bang phuong trinh
Kirchhoff: AH, = AH, + [AC dT

T,

Néu khoang nhi¢t do thay doi khong 16n 1am c6 thé coi C, khong phu thude vao nhiét
do ,luc dé phuong trinh c6 dang:

AH, = AH; + ACp (To-T))
Véi: ACp = Y Cp(san pham) - ¥ Cp(chit dau)

TD: TinhAHgg ctia phan tng :CO(k) + ¥20,(k) — CO,(k), biétAHge= -283,0 kJva nhiét dung
mol dang ap ciia cac chat CO, O, va CO;, lan luot 1a Cp= 6,97; 7,05; va 8,96 cal/mol°K.

Giai:ACp = 8,96 — 6,97 — ¥.7,05 = -1,535cal/K = - 6,42)/K
=>AH"305=AH",5 +ACp (398 — 298)
= -283,0 — 0,642 = - 283,642 kJ

Nhdan xér: Khi nhiét 6 tang, AH cua phan tmg tang khong dang ké. Do d6, néu khoang nhiét
do thay doi khong 16n 1am, mét cdch gan diing, c6 thé xem AH ciia phdn vmg khong phu thuée
vdo nhiét @6 :AH° TR AH° 298+
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