Chapter Two-The First Law  Physical Chemistry For UGS-2"? Year 1% Semester

2-6-3 Heat Transactions

ABlall Jaa) SV 03l (ST (2-6) Wslaall UM (o pllail) Al d3Ua)I @ AU oy

dU = dq + dw (2-6)
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A Aslaal) o 91 Gy 50,00 Byl Ko o Alaiiall DUl 5050 Ladis g

AU = q,, at constant V, means AV =0 (2-16)
& &b lie Alniedl a1 36 0ly @ pllatll )ly> 2y Jl S5 pladll JI 83l S e d3Uall Jlas] )
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dq a dT (2-18)

dg = CcdT (2-19)
(W Sadb el (2-19) dolasd) JoBI ds s

q = CAT (2-20)

ylyell dadl ol diply> dzpdg (pladl of Jgedb OET clgus) pUail 5835 (e dasialy Al dasd 2 C
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230 Cu Al golh duols- (B9 o(J KT) Bu>gy ol g cBulg dugie dxyd pUaidl §yly> do>)yd 29y daydI
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q = nCy, AT (2-21)
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iy (Cs = C/m, Specific heat capacity) 4 9l &)yl dawdl o Slolyadb s Lais Ll
Aslaall e oz (2-20) Uslaall § Cs pagad die S 9 8okl AS o3 m () K g7) Bug
:(2-22)

q = mCAT (2-22)

(Homework 1) $13LJ/83Sw (yol g3 clliad dus 9319 doyY gall cpiad! S

(o 5B 78T 92 duegidl of L)Y gedl el dadl an Jolardl ASiolios ga Al bl (3 :dlasdo
.(Homework 2) §13lJ/1agdd &yl yoell dacdl 20 Jola!

o (55 (8.186 J g2 °C) (el dye sl Ayl dnd) JUiall hoses 2 e 5yl s Bl )
)ly> Ay 13, 4.186 ) Wylotio Byly> el e Bl oliaial Jlglioes sl o dlg e S & clagd

B9 dgie d>)d
Bl ells 8y Ay b)) Luobiaie] ghlandl B3ldl &S ye 8,53 and &e gl Lyly=ddl Anadl O] oo
S gy s 135§ duatand) 28Ul cyo Ale dusS ) o Adle due g5 Ayl olass Lg) (1 21galld
e 2y 2 A5 Ll o laiol 1 &5l 28 58l Byl ol 195 ol gall (llasS lialbog ¢ Jul3
Bylyal) lgrolaiol i de s 3eud Galanll elase I3 Jlio a8 S
Example: What is the specific heat capacity of a 22.8 g sample of metal that absorbs
1450 J of a heat from 21.8 °C to 75.0°C?
Solution: Wmeta = 22.8 g, T1 = 21.8°C and T2 = 75.0°C.

AT = Tz-T;= 75.0-21.8 = 53.2 °c

q = C; AT (2-22)

1450 ] = C, (22.8 g)(53.2 °C)

c

17| Page Dr. Abduljabbar I. R. Rushdi 2019-2020



Chapter Two-The First Law  Physical Chemistry For UGS-2"? Year 1% Semester

B 1450]
~ (22.8 9)(53.2°C)

C, = 1.2JK g1

Homework 3: How much energy is needed to heat 9 g of water from 25 °C to 85 °C?
C:=4.186Jg'°C?

el Gymy o pliscial A5Unall o ALeSIl ddandl M5 g Bl JEn] el oSy Lhes
50 Y1 ynanall g eyl S e 28Ul s3] uld (253 pbsies Sl 48 S5 (Calorimeter)
-((Calorimetry)) (pudd 8Lyl JWSI jold Lgud @iy (&) didas] W ((Adiabatic calorimeter) 32
il g sl Jeladll sl e @bl Sl Jasall gy &dle daglie 93 sleg n yauall 09SH
l9) &dys did> Cudld @ yzebell e awy 39 conzuSodl j& Jgsd) Jaies 520 SAls (Bomb)
d>die dibn)) el § el 9 omball o Golall awgll 3 (Z3gedl pbgr Cu Jeladll sy pusuiud
T35all @y> dalas (§pisind (Hlg BLASYI B)) 4 dd 91
ddos &1 o ST (3 din slaiuy @Iy Jamall e Ygime 0550 Sy US1s (b Hliom siell bl
Byly> dzd ywlid 2,3 (Thermometer) Hhswes il 1ds 395 W Jaxall e a6 Jjaes 0555 BLASYI
Je il )l (old e Jamy slymall O @y ¢(2-5) S!S (Tr) Gyl Ak s (Ti) b slol
Q@ Gl wld I e 3y Ll sle gl Ul yaxaadl J3-1s 73 gadl Gl po dozr Wl 8y yoiall of dliiiall
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Figure 2-5: A constant-volume bomb calorimeter (adiabatic calorimeter).
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q, = C, AT (2-23)

dosd Ay g oMl &yyzxtll sl (ha (2531 O el Co9aly duataall o 8)yiel) Jelatd) 8yly> Jia Qv
oyl yanedl Colb ad Sy die Boled e  doyd 8,20 UM 0 C
gz 3% 93 ydumn o o) ol JLygS LS pyel o diylall ol (3 1(E5bygSUl) JoYI diglalie-1
A Aalaal) o s (£) Ha sbaa i3 8l 5 dana IDS (g0 A Hlkarg B9y

q = ItAd (2-24)

Example: Calculate the specific heat if a current of 10 ampere (A) from a 12 volte (V)
supply is passed for 300 seconds (s).
Solution: 1=10.0A, Ap =12V and t =300 s.

q = ItAd (2-24)
q = (104) x (300s) x(12V)
q=36x10"AVs) =36k

The result in joules is obtained by using1 AVs=1(Cs*)Vs=1CV=1)J.

G0 Wl (1A = 1C s1) S elldug A ol C s 8u>gs HLall Lwlis 9 (Coulombs) (elas sl Sl diseidl

13YE o 8yheiadl A8l d51gall Busoll O elldug (1V = 1) A?) gl 8umgy (ulisd dgand!

q=AjA " s) =]

If the observed rise in temperature is 5.5 K, then the calorimeter constant is:

q, = C, AT (2-23)

c, = -2
OR v AT
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36k _ 1
C, === = 6.5k K (2-23)

Glly hgidl pasl> JUall Juw o o Bole (o daglae AS Gy iy gdy AW ddsylall -2
B Gyl ulid (09 Aoglan dBliml (pe ez Ul )l O 058 dsylall 04 zab i) lasls pusciuy
((2-23) Dalaal UM o0 C dasd d8ym0 oy Bylyoedhdmd
Q@ 0l 51 el ddos BT lgu plaidl o> § iS5 Al Juasg Bl S e BlallJlan! die bl
a5Uall 59kl o)) Bgan pllasll a1l A8Uall & 9 ol Lasus o s Alanll 80 @ dilaad] H18 ol
5 525 g Byly> S e pladl ) i) &8Uall 00 (ye jam OB g Hall sl o .5yl xS dlaiie)|
Byl (po JBT 095 Cgun plarl) A=)l d8Uall B 5 (2-6) JSadl §LS sl Jsdr S e Jarmall |
0583 ol Jais o B> S e pladl 1 Al &Uall Gl Al oda 3 (AU < q) Aldisall
(Enthalpy) &>l el lgade Gl plall 33 dSialiongnys duols § sl J) dgluwe

Surrounding

Pg =1 atm
AU<q
Energy
as Heat
System

Figure 2-6: A'system is subjected to constant pressure and is free to change its volume.
ol lais oy saatll Jadd (2-6) Aslaall ST d8Uall Jaasd Jo1 O g3lall Aolas Gadas die S
(2-24) Vola)l e Juaxs

AU = q,-w (2-6)

q, = AU + w = H (Enthalpy) or q, = H (2-24)
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baip coy pladl J (e duaiaall 1 8y yomiall Bylymd) daeS Jhan (Y1) H S18 (2-24) slaall 3o
15 (2-24) Uslasdl 339 .0l

H=U+ w(p4V) (2-25)
Blall Sy ezx>9 aius O] Loy 9 .oladl ez Jid V g pladl oo Jied p Ol odlel Aslandl oy
Ul e detas T (State function) D= Dls Last s QLS OB ade Dl Jlgs oS plisld duls|)
(AH = Hy = Hi) &5Lina)! T 46leuSdl dudoal) 451g0lg Sl

:3Y6 (2-25) doslaa)l zuas (Infinitesimal change) (IS dadd (3 Caxdle 45 Jpuax> dicy
Hy Hy Vs
f dH = dU + p dVv (2-26)

.(2-27) sl e Juases (2-26) Dolaal) S8 dslg

AH = AU + pAV (2-27)
ol s camd OhLl suadl Jadng ($)lyad) (S grmeally A1l d3 U o A8Ma)l (2-27) dolaadl Jiad
(2-28) dolaall e Juazi (2-27) Dolaalb wililal) doladl Aolanll (po pAV dad e asgaillyg

AH = AU + Ang RT, (pAV ='AnRT Avogadro’s equation) (2-28)
((Jbe)l 31]l) pladl (AH) &)1l Sgially (AU) A1) d8Ually pidl (o d8Dall (Jio3 (2-28) dolaall
Ologhae Lodd HeS5 Y bedie 9 )l Al puind o> ((Isothermal process) §)lyodl d>ys cgdog
bl Sl Y gall sue e Sloglas Lo Jliall ¢ Jliedl Sl by ez e

1A A3Mall (339 9 A5 LagSI) Astaall (10 Lgede Jguasell (Sang Jliall Sl) Y gall siay il Jia3 Ang
An= Zn (productes) — Z n (reactants) (2-29)
JWLy (AV =0) §h leal Sy oo Tur piue 0988 dubiall ol Aslud) lgall Juolod! paxsd] el Lol

: W Sl (2-27) dslaal zeuas
AH = AU (because pAV = p x zero = zero) (2-30)

Example: If water vapour is assumed to be an ideal gas, molar enthalpy change for

vaporization of 1.0 mole of vaporization of water at 1 atm and 100 °C is 41
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kJ. Calculate the internal energy, when (a) 1 mole of water is vaporized at 1
atm and 100 °C. (b) 1 mole of water is converted into ice.

Solution: n =1 mol, T=100 °C + 273 =373 K, p = 1 atm and AHyap = 41 k) mol?

The reactionis H,0(l) — H,0(g)

(a) AH = AU + AngzRT (2-28)
AU = AH — An4RT, (rearranging the above equation)
AU = 41 k] mol™! — (1)(8.314 J mol 1 K *)(373 K
AU =41 kJmol ™' — 3.1 kJ mol™?
AU =37.9 k] mol1

(b) Here the water is converted to ice (solid), so this means AV = 0

AngRT = 0 and pAV, =0

AU = AH, and this means AU = 41k ] mol™!
Ol

{(J mol) gy (k) mol?) (& Syl Sgiceall gi duls-Ill ABUall deusiwml! Ba>gll -1
Syl Sgicall§ Al dasd (e JST A Dol § plaid) (AU) Al d8Uall § i)l dasd -2
Dpo o8 pladl U oo daieall ylyadl (o s OF 9GS § Cadly pUaidl uiid (+ AH)
955 il 08 &1 ygual (Seug Al 1 ALl Dloedl oo slodl 9205 99 Suked Jids oy

(= BH) &1 Gy plUal 0 Bylyell Silagdly paliidl Jiuds Ul § Sl

2-6-3-1 Enthalpy change and heat transfer

(AU = g - w) pUad) dds |l d8Ua)l (e (asgasd] 03 (2-27) dslael) £9,3b
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AH = q — w + pAV (2-31)
sy cobl Jasp coniy Jadd ol Jad 50 L Juolod! Jasdl of Hlasel 5 Wolas b w s pagailly
(2-31) dslandl Le Juax5 (Enthalpy) &)l S gioeall sy

AH = qp — pAV +ph¥ (2-32)
bais co )l S e Al Bl e datiay Gyl Sgizmall § il O guiiad oMl ool ¢y
Adaadl M5 jaeiall sl Jiad e delas Yol
1 3YE e (2-23) Dsladll

qp = Cp AT (2-33)
(2-33) 5 (2-23) ndalaedl pluassiul die dde (ol Lasid o duatanll 918) ;! 8yl Jied g
Meiqﬁepwasg@és)pﬁuu&w@wm@Jta:\wu;gowmuqu
1ol Jagd

Example: Water is heated to boiling under a pressure of 1.0 atm. When an electric
current of 0.50 A from a 12 V supply is passed for 300 s through a resistance
in thermal contact with the water, itis found that 0.798 g of water is vaporiz-
ed. Calculate the enthalpy change.

Solution: 1=0.50 A, A =12 V,t=300s, p 1 atm (constant pressure) and wt of water
H.0 = 0.798 g, (Vaporized means that the water is transferred from liquid to

gas, and it can be represented the gas of water is ideal)

q.= ItAd (2-24)
AH = q, = ItA¢ = (0.504) x (300s) x (12V)
AH = q, = 1800AVs = 1800] = 1.8 kJ

Because 0.798 g of water is (0.798 g)/(18.02 g mol™) = 0.0443 mol, where 1 AV s=11.

Because 0.798 g of water, the enthalpy of vaporization per mole of H,0 is
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_ 1.8k]
"~ 0.044 mol

ol lais o () sauedl Ay plusiwly (o) Sgimealb il peld ey aS U Jlgadly
0220 9 Wl Jgias sleg) Jaun Jlie 98 yauall g ¢(2-7) K&l § zdgoll yauedl plusainl GU3 iy
ol i o 1 (1 atm) olaeY! ozl laisal)

AH,, = +41kJ mol1
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1
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| Y9
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Figure 2-7: A constant-pressure flame calorimeter (Isgbaric Calorimeter)

a8ym0 olyall Slgall (AT) B3l &y (§ I Gold IS (0 g 8l S e @BUall JUEl Adlye o

(Sl ol i

Example: How much enthalpy is produced for the 4 moles of an ideal gas absorbs 12
kJ energy under atmospheric pressure of (1.0 atm)?

Solution: g =12 kJ, n=4 mol and p = 1 atm (atmospheric pressure).

AH =g, (2-32)

13V 05555 @Y gall (e dua) Lol Bu>lg Jsals @l Sgizmall dad (e Jgaaml] odeT Aslaoll pusin
nlAH = q,

4molAH =12 kj
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AH = 12 kj =+3k 1
 4mol J mo

Homework 3: If 10.0 g of methane combust completely, how much energy is released?

The reactionis CH4(g) + 20,(g) —— CO,(g) + 2H,0(g) AH =-890.3 K]

Homework 4: 4.82 g of unknown metal is heated to 115.0°C and then placed in 35 mL

of water at 28.7°C which then heats up to 34.5°C. What is the specific

heat capacity of the metal?
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