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 huong
dén tdc do phan tmg?
Khi tra 16i duoc duoc hai cau hoi nay, nguoi ta co thé diéu khién dugc phan tng,
tim duoc diéu kién tdi wu dé thuc hién phan ung, nham dat hiéu qua cao nhat.
Cau hoi tht nhit 13 d6i tugng 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 clru cac hién tuong co va nhiét,
con nhiét dong 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 Iy 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- khdi 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
phan cua khi @6 va duoc ki hiéu 1a Pi .Tong tat ca cac 4p suat riéng phan bang ap suét
chung P cta hon hop.Néu goi V 1a thé tich chung ciia hdn hop khi ( bang dung tich binh
dung thi phuong trinh khi khi 1y tuéng c6é 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: diu (+)
- Hé nhuong ning luong dau (-)

4.Trang thdi ciia hé va cdc thong so trang thdi:
- Trang thai vi m6 cua mét hé dugc dac trung bﬁng nhing dai lugng xac dinh nhu: t°C, P,
V, C...Cac thong s6 ndy c6 thé do duoc, goi 13 cac thong sb 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 cta khi 1y tudng
PV=nRT.
- C6 hai loai thong sd trang thai: dung do va cuong do
+ Thong sb trang thai dung d6 1a nhitng thong sb trang thai ti 16 voi 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 Suét, 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 cin bing khac vo
cing chdm qua lién tiép cic trang thai cin bang thi sy bién dbi duoc goi 1a thuin
nghich.Pay 1a su bién ddi 1y twong khong c6 trong thuc té.
- Khac véi sy bién d6i thuan nghich 14 su bién doi bat thuan nghich. D6 14 nhiing bién doi
dugc tién hanh véi van tdc 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 mot 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 nang 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)
oW = - Pngoai.dV =-PndV (1.4)
> W phu thudc vao Pn ( vi hé sinh céng nén c6 dau -).
Néu qué trinh 1 hitu han => W=~ ["P,av (L)
Néu gifin no 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) @ Wy, =-Pn(V,-V)) (1.6)
Néu gidin né thuan nghich: tirc 13 P, =Ppe
V2
W=— jm PdV (1.7)
Néu khi 12 Iy twong va gidn nd dang nhiét co :
P=Pp="RL — (" kT~ 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 ctru cha yéu noi nang.
Noi nang ctia hé gdom:
- 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 caa hé phu thudc vao ban chat, luong cia nd, ap suit. nhiét do,thé tich va
thanh phan.
Déi vé6i khi 1y tuong ndi nang cua hé chi phu thudc vao nhiét do.
2. Phat biéu nguyén Iy I ciia nhiét dong hoc
Nguyén 1y I cua nhiét dong hoc vé thuc chit 1a dinh luat bao toan nang lugng:
Nang lugng ciia mot h¢ ¢6 lap 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 dbi 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 ddi thuan nghich hay bét thuan nghich).
AU =U,-U; = Wj + Qs =W5g + Qp =...=const
trong d6 W 13 Q 1a cong va nhiét lvgng ma hé trao doi véi moi truong.
Dbi voi mot bién d6i vo cling 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

+Hécolap: 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 dugc goi 1a entapi, n6 14 ham trang thai vi U va PV déu 1a nhitng ham trang thai.
III. NHIET PHAN UNG HOA HQC.
1. Nhiét phan irng

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 tmg xay ra:

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

- Trang thai vét 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 1a 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 duogc 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 ing thu nhié¢t
- Phan ung toéa nhi¢t: 1a phan tng 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,>0 hoac 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 s6 khi 1y tuéng
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 cac 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
nhat ( 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 ciia 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 cac chat tao thanh chtr khong phu thudc vao cac giai

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

Vi du: AH
Cgr —> 0,(k) COy(k)

~N S m

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

AH,

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

2.Cac hé qua



Bai giang mén Co sé Iy thuyét Héa hoc
Hé qua 1: Hiéu (mg nhiét ciia phan Gng thuan bang hiéu tng nhiét ctia phan ng nghich
nhung nguoc du.: AH, = -AH, (1.14)
Hé qua 2: Hiéu tg nhiét ciia mot phan tmg 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 viing ¢ 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 CUIA 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 5 (Ha(K))]
=-84,68-52,30-0
=-136,98kJ.mol’’

Hé qud 3: Hiéu tmg 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)~ Y AH (sp) (1.17)
Néu diéu kién chuin va T=298K thi
AH 208 pu = ZAHOZ()S,(' (l‘g)—ZAHOz%,c(Sp) (1.18)

3.Cac urng 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 nhiét 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

Pé tinh dugc nhiét ctia phan tng trén ta hinh dung so do sau:
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gt 0Oxk) —>  COyk)

N/

CO(k) + 1/204(k)
Trang thai dau (Cgr+0,) va trang thai cudi (CO,(k)) ctia ca hai cach bién d6i 14 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 subt qua trinh

nay khong c6 sy bién doi trang thai(néng chay, soi, bién d6i thu hinh...)
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- Pon vi thuong dung cua C 1a: J.K 'mol”
- Nhiét dung mol dang ap. Qua trinh duoc thuc hién & P=const.

oH daH . B R 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 moi truong khi 1 mol chat chuyén pha. & P=const, khi
mot chat nguyén chat chuyén pha thi trong sudt 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 +nyD
N, l A,
A1_11
A +n,B T» n3C +nyD

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

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

T T

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

T

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

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+ [ AC}dT
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 @mng v6i qua trinh pha vo lién két: ning lugng lién két 1a ning
luong Gmg véi 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.
Vi dul: 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 hi¢u trng nhiét cua qua trinh.

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

Na(k) + 3Ha0— > HNH, 1)

3En.n
lEN'N l AH

2H(k) + 6H(K)
> AH=E, ,+3E,_, —6E,_,
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