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CaCO4(s) HCl(aq) CaCl, (aq) H,0(1) CaO(s) CO,(g)
C(graphite) H.(9) C;He(9) CO,(9) H,O(l) O,(9)

Li,CO4(s) LiCl(aq) CO,(g) Li,O(s) HCl(ag) H,0(1)

HNO4(g) H.(9) N4(9) O4(9) H(g) N(g) O(9)

LY e olaf V1Y Sl

2HCl(aq) + CaCO,(s) AH _, [cao(s) + CO,(g) + 2HCI(aq)

/

CaCl,(aq) + H,0(l) + CO,(g)

. AH
3C(graphite) + 4H,(g) + 50,(g)| ————— | C3Hag(g) + 50,(9)

-~

3C0O,(g) + 4H,0(1)

2HCl(aq) + Li,CO,(s) AH » | Li,O(s) + CO,(g) + 2HCI(aq)

™~ e

2LiCl(aqg) + CO,(g) + H,0(l)

AH
3 H(@) +3 N,(9) +3 O,(9) > |HNOs())

N e

H(g) + N(g) + 30(g)

(RS T
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Sl lg adugid |
ol pll Gsimall o il degd @ajllac) Sy iy aliall . C—C Alagl ylf (0 ptl (ssimmall sloms¥ J13aadl wgd 20>

i 9>glly (FT17) (35,80 (KIMOI 3 50) 5oy 2ll (o) pell (g gimall @iy (=84 kJ/mol) GLsY! (osSal eulual!
2C(g)*+6H(g); C;Hq(9); 2C(graphite) + 3H,(g) : L Le llall clac| oSy . (413) C—H I oy 11 33LLs dacugiay (+218)

comn Al B LSy mgdd] cdlall s

WIS {
AH
C,Hq(9) o 2C(g) + 6H(g)
SAH?[CZHG(Q:]\ /ZAHat[C(graphite)]
+ 6AH[ 3 H,(9)]
2C(graphite) + 3H,(g)
AH., = —AH; [C,Hq(9)] + 2AH,, [C(graphite)] + 6AH,; [;_Hz(g)] =—(-84)+ (2 x717) + (6 x 218) = 2826 kJ
AH., = E(C-C) + 6E(C-H)
E(C-C) = AH,, — 6E(C-H) = 2826 — (6 x 413) = 348 kJ kJ/mol
‘q.c..\."
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H2N_NH2 + 02_) N2 + 2H20

3l aluioly Jelil) 1ig) @lmll gsimall B il sl (o cqiSad Gl as Aals o] Zlall ) ol
o (KIIMOI 31 57) Aacaliall dagl 01 cllls . Loyl g3

163 N-N
944 N=N
388 N-H
496 0=0
463 O-H

-V J gl

el L:gj‘)z” ng:izﬁj‘ gbﬂld‘j da il sl
N 13589 IS o3l el oF easliie] Gur 7 Adlall (Say cdyll (e paaia 53155 13]

Aern O
N—N + O=O0 » 2 H Nyt N=N
H H
EN—N) 4E(O—H)
+ 4E(N—H) L EN=N)
+E(0=0) -
2N + 20 + 4H

AH,q = E(N-N) + 4E(N-H) + E(O=0) — [4E(O-H) + E(N=N)]
AH,,, = 163 + (4 x 388) + 496 — [(4 x 463) + 944] = —585 kJ/mol

Blb @3 osliany Jelitl jlue dalaza Goeny (Jelill gl pmtl Gyimall G 5l Aad LAl oy o iy
Jelall gyl =l ggimall oyl ol
A 13589 2 3yl o easliiel qu 738 Bulall oSy idgll (o padia 3155 13
09,83 L &5l 0giSiay - Lellm @5 e pn Lgunny polgall ilygizmn pan e Adlall dalel Lol cadss 5o oyl 1o
Lol w01 4 g pad Loy jopell L] bLis B "sl el @a9s; of @ganis bolad Jo Sougadd| boliill o
|yl
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L3S g 3 Sl daglg 01 e elian ]y Al eyl Jiad Gl e ¥alaadl ]

rease = dlo x Cle e Agalal & ye Slles 23U b Ao sinall ol il G 28l (Al o

OIS 13 Lo s I Attt iy (o)) petl (ggimmall B Aalizea ol puits culaloedl B 535 gl gl dadiys o
Al o Ao e ol il o

e



cibila]. plenll Jyla i prilill gualpall Jnall - pise salall Gaall - cyagsll -

callall Qb4 dliaad Gililal <

q=100x4.18 x 15= 6270 J .z B 931 Ole g g0 Aliies] Obslax)
oz*:‘ﬁﬁcﬂi‘-{aﬁﬁ‘ub»oﬂ»b Jse Jelin Byl sl LT L)
cebedl o ulge oS aguaguall uS g yuus (e Byl 3yl
bl (Ll ggimall 2 sl samy Byl jola L
Mokl e dads asly Jge eSu Jalaalt Byl syl
e Jalaid (gl gimall B ! olo Bylmlt jola
Syemall B il Gaals golan el S

NPV P - RESIPE] Alelizall ) sall

P padgall wSgyaua 4B aiun | cBl S()+0:9) ) |7
oo Aallazell WL (5laa8) Cied / byl
(ot sl 5T slsgll 5T Byl olius
o Jslmall B gill Byl pmtl Aaaadl o7 (ol 0

oLl B g1 Al poetl Ancadl Lgaudd
el Qs el (0 W Al B Sl s
By Uil (e elinll dagms god Aallaiall
311 el 5gdly Bl ¢yl ias ol el yacaall
099 Y Gammy Jpl ¥y 5 J 9B JalSIl oo

By s IS JSEYI (AES) ()3 olaid

2AI(s) + Fe,04(s) | A, [2Fe(s) + ALOs(s)| !

AHF [Fe,05(s)] \ AH; AH, /AH{IALLO4(s)]

(kJ/mol)

H s, ol (6 gl

LUl sl sl
Hx(g) + CO(g

(kJ/mol)

H20(g) + C(s

H sl el (g gl

Jeladl e
[2AI(s) + 2Fe(s) + 20,(g)| AHS, i
AHZ+ AH? =AHS .o AH® [CO,(g)] or AH,® [C(graphite)] .
AHZ, + (-824.2) = -1675.7 AHZ, .
AHZ, = -851 .5kJ AH? [H,0(1)] or AH.2 [Hy(Q)] -
AH Rt -

C(graphlte)+3H2(g)+ Ox(9)| —> AH C,H5;0H(l) + 30,(g) q=chT .

20Hg [C(araphite)\ a,  aH, /AHe[oszoH(l q=75x%4.18 x (54 - 23)
+30HZ[Ho(9) g=75x4.18 x 31 =9718.5 J
(sine al3)7 3 ix 9720 J)
489 HS3 O cuom Jolomall ALS .
g=48x4.18 x 1.5= 300.96 J

2C0,(g) + 3H,0()

AHP + AHZ = AHP .o
AH? + (-1367.3) = 2(-393.5) + 3(-285.8)
AHE = -277.1 kJimol




silall sginnll gua Alpill deybadl d3agll

o AHZ, = 3AHE [MgO(s)] - AHE [Fe,04(s)] » -\

[2CuNO)y(s)| 2, [2Cu0(s) + 4NO,(g) +0,()] AHZ = +1663.5kJ .\ \

2 < AFFCUNO )] Xy A”/E <AH,[CuO] + dacugio oo 130 oliadl S C—H daylyy 4 gy
4 AH,[NO,] <

|2Cu(s) + 2N,(g) + 60,(9)| 198 C—H Jakyl ) a3l
1663.5 - 4+415.9 kd/mol
4 . mo

AHoqo+ AH; = AH, .z .
AH, +2(-302.9) = 2(-157.3) + 4(+33.2) H—(:;—C:)—O—H +30=0—>20=C=0+3H-0-H .1 .\Y
AH,, + (-605.8) = -181.8 H H
AH,, = +424 kJ
Byl ols Jeldt) daiesd! dBLLI .Y 2
(351,501 L2 olazil
q=125 x 4.18 x (-2.9)
=-1515.25J
(1259 & Jslmall 4LS)
oulzmill il S (1025 g JS1-1515.25 J daigia o h»\i‘mﬂﬁ daslg ) @bl .
1 mol 3 10 et (I1) e doolopll @bl sasd L daylg Il wlbllbs
My = ~(-1515.25) x 520 0383 ALl sl gally Alelaiall slgell bl
= 15128.256 J/mol 31 15.1 kJ/mol 2L o G G2 AL Al=ll b Lgager
(Rusine alB,13 ) Bl JHE 055 il 3l Yl
@ly Bl ddyana gl el .
ol
dazd udydaseall e 3L oliatal
91 elsall 91 351l liaa) Jslomadl (e
(8! yacuall
Slae Yl Gl ol , SAUS Wa T aie o
o o 1 31yl 3ueS s Ly
e Lasbinial &5 301 e (e J31
ji
e gl Aslymtl dawdl o] olyial e
e gl B, ymetl dacdl g5les Jslmall
dylpedl dandl 5S5 OT (Say) eleld
(ol 5l 5T
Lo buaial @5 Il 23L| Gl aote
Ol 1 (6, A Y GBSty yaeaall oy
fuaieal! 23Ul Lgsloon &3 1 eyl Jeledl b

(C—C) + 5(C—H) + (C—O0) + (O—H) .
+3(0—=0)-2< 4(c—0) + 6(0—H)
347 + 5(413) + (336) + (463) +
3(496) — 4(805) + 6(463)
4699 kJ —> ~5998 kJ
AHE= -1299 kJ

IR NP

2Cu0(s) + 4N O(g) + O2(g)

(kIimol) H (s 5| 2l (g gl

2Cu(NO 3),(s
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AH. [C;Hg(9)] =
2AHT[COL(g)] + 3AHT [H0(1)] — AHT [C,He(9)]
AHS° = 2(-394) + 3(-286) —(—85)
=-1561 kd/mol
JelS i 31|
rradl Cilga (00 351yl s
NalR3 ol

e Tmol Glyis ! e dallaiall 3,) mell S .

il okt Gay JelS IS Le 3ake
Acalal Cag, Il sie Asladl o

— AHS,, o
50,(g) + Py(white)] =3 [50,(g) + Py(red)

AH, - 2967 = —2984
AH., =—2984 + 2967 = — 17 kJ/mol

.Y

|

P(21) + 502(g)
-17

P =1)+ 502(g)

-

(kd/imol) (s 5| >l (s s

P4010(s)

Jelidl L

..\_x‘j J}A é')lx‘ Jie dalbaigt! 3)‘).‘2-_” l_uos .

Aealiall (o a0l 5 Le 3ol e

CH,COCH4(1) + 40,(g) — 3CO, + 3H,0

2(C=C) + B6(C—H) + (C=0) + 4(0=0) — 6(C=0) + 6(0-H)

2(347) + 6(413) + (805) + 4(496)
—> 6(805) + 6(463)
OusSa) —7608 kJ tdaslg,dl 4uS) +5961 kJ
25859 + 9o daslg 1 5 (4T Lagg ¢ daalg 1
(= ga daslg
~1647 kJ = Ll
b L il 6T -
Lty ) Bl ey dasl g0 3L dausie
e Ledde Jpuamtl @ / ale Sy
B39 gallg dudd ¢ 9ill (padanlg Il (po due o
Aalime SlSe B dwdd daslgyll g
A 2 C=0 daylyy JLdl Jrw e
0o rdly 030,801 ST
Liiie Hl=dl aimall B sl sa .
opuolie (o Le (S 0 (o g Js 05S0
el @l Cagylall s 3
3C(graphite) + 3Hy(g) + 0x(9) —
CH3COCH,(I) +248 kJ/mol
o sl Sy eSdl Jelany Y
Cagylall e (S Cumn g gl
Al al)

240 _
54000 0.01 mol

q=100x4.18 x 33.5 .

=14 003 J=14.0 kJ
(gine al2)1 3 L)
H =-14.0
¢ 0.01

=-1400 kJ/mol

C.Hs(g) + % 0,(g) — 2C0,(g) + 3H,0O(l) .
AH[CoHe(@)] I Aslaall (o o2

AHZ = YnAH® - YnAH?

[l sl 5ef]

[Ale Ll 3 gal]
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MgCOs(s) + 2HCl(aq)

>MgO(s) + CO,(g) +2HCl(aq)

AN %4

MgCly(aq) + CO; (g)+ H20 (1)

q = mcAT
q=250x4.18 x 23.0
(Lyaa ‘aléj 3 >)q=24000J=24.0kJ

299 = 3 ymall Joliedl A8 <M, = 32.0 .

2.9
32.0

—24.0
0.0906

= 0.0906 mol

= —265 kJ/mol

fB)‘):_" QI ped

(JalS s Gl
Ald e Byl

.

AHPICH,(9)] =

ZAH ce - ZAH ce

[aleLaiadl slgall] [l sl gall]
AH°[C(graphite)] + 2AH [H,(g)] — AH°[CH,(9)]
AHFP[CH,(9)] =
=2(-286) - 394 - (-891)
=-572 - 394 + 891
= =75 kd/mol
CHi(@) + 20,(g) — CO,(g) + 2H,0() .z
4(C—H) 2(0=0) 2(C=0) 4(0—H)
4 x413 2x496 2x805 4 x463

AHZS = 1652 + 992 - 1610 - 1852
=-818 kJ/mol

Hy + 1, o3 daal gl (65l pamdl (s gl
) =436 + 151

= +587 KJ/mol

2HI 2 oyl 5,11 (gl pondl (6 gl

=2 x —299
= -598 KJ/mol
AH,,= 587 + (-598) = -11 kJ

Hy(9) +1.(9)

AH, =11k

(kyimol) H (5,1 2l (g gl

) 2HI(g)
Jeladl 5l
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dhuiiiillg adncll caylaill alid aliaal Gililal <

..I & 'j]l&h_lg!

2NaNO,(s)+ 0,(g) -V olad

AH =218 kJ Bl Jols ga gyl gyimall o il R
2NaNO,(s) dlams g (leesI Jeladd) doglies oy Ayl pond
G2 il aiadl ally Lol daios e
oolaial @3 I3l LAH g8 gyl ] Ggimadl
Lobe Jelitl (sSy Jeladl dagma (pa 350 5]l
Yoy Dolss  Jeladl damas siayl pmll callail 13y 550yl
535S o] gyl gimall ol L § Ly O EolEechalade el ibyls Jelil oS,
0553 Loie gl pmll simall 3 5l 5 Syl pasid Sl sl B
e 2 Y o,;aus;,“,«s,.mg,ﬁ axly Jge A il Gle sasd Cagylall saay Apwliat
Aol Cag lal 5yl dxyyg JSwbh ols 100 wied doiis
By il gl pdl g gimall LB il j‘*‘w‘"é‘}d‘ 0553 g uA-‘S 298 fﬁ)‘m
Use Glyinl e Falaidll 3ylymll 2ueS 5a Lol Al Ll o Lgaes 23l
Al 3l (3, dall e Le 33le (e il
Jelaly Ll (gl ol gimall o il
PR ‘:;f‘)ﬂ‘ Gimall B ! g
Celill Bag Alelanadl ol gadl GileS Jelaws
Aol Aslaadl B mingall (Slaesl
Awl@t) g Al e AL sl gell oy sS

Ctﬂi‘itﬂvuetﬂ‘lcétﬂ\

(kJ/mol)

H sl 2l 6 soeall

(kd/mol)

MgSO,(aq)+ Cu(s)

H o)l (6 gl

C3Hg(g) + 50,(g) — 3CO,(g) + 4H,0(1) g0y
AHE [(C4He(9)]
OH(aq) + H*(aq) — H,O(l) AHR.[OH(aq)] .«

Bl e dlelaadl sgall ¥ 3yl pmll 35l .o
Gsimall o il / Al slsedl e ST

.Zt.dl.u ZJLJ.:L.' ‘:QJ‘JM‘
MgCO;4(s) — MgO(s) + CO4(g) T

AHS [MgCO4(s)]
2Na(s) + 3 0,(g) — Na,0(s) AHP [Na,0(s)] 3




Sl sgianll (né Cilpill saciLudl G2l

20mL+20mL =40 mL = Jslmall qe> .z
23.2-18.9=4.3°C = 3l yo=!l 4253 2 gL,V
Ayl dadl X Jslmodl S = 3,0 ol

3yl pmedl d s B plan VI x e il
q=40x4.18x4.3=718.96J

dacddl (goled Jolmall due ol Ayl el dacall
celall dpe g0l 4yl e

cpgenie Ladl @l )3 ¥ ge due
n=MV

200" = .02 mol

1000

1.0 %

_ 718.96
0.02
= -35 948 J = -36.0 kJ/mol

-V boldd
d00)

AH=_q=

Fey03(s)+ 3CO(g) 2Fe(s)+3C0Ox(9)

o

AH1\

2Fe(sy+3C(graphite)+304(g)

AH$= AHP [Fe,04(s)] + 3 x AHP
[CO(Q)] = (—-824.2) + 3 x (-110.5)
=-1155.7 kJ
AHE=3 x AHP [CO,(g)] = 3 x (-393.5)
=-1188.5 kJ
AH?+ AHS, = AHS

AHS, = AHS - AH?
= (-1180.5) - (-1155.7) = -24.8 kJ

AHo,
C3Hg(g) + 50,(9) > 3CO,(g) +4H0(1)

AH\ /AH2

3C(graphite) + 4H,(g) + 504(g)

Obgrdl Byl 1.y Je Ll
(NaOH) o Jobadll Jelss no ¥ Jelaul
(H,S0,)3

‘aﬁ%.m.ﬂ ..H.HST U".JS:’ d.:LaS ALY &L&l”
oy ol

A praally lall 3y Anys B sl T L)
(AT) =352 -20.5=14.7 °C
Bl Ll AL = cLal Lguial 301 A3l
A o playYl X elall Zuesill 4yl el
35|yl
g =mxcxAT=70x4.18 x 14.7 = 4301 J
X yacuadl ALE = jacuall Lguaiial Sl 25U
X ool aaall Ao gl Ayl poetl Aacl
35l 2y o g iyl
g, =mxcxAT=200 x 0.385 x 14.7 = 1132 J
Diatieall S | el ABLLI
4301 + 1132 = 5433 J
92.33-92.19=0.14 g 143 yimall Js=SI ALS .5
CeHy,OH = (6 x 12) + (14 x 1) + 16 = 102 g/mol
102

—5433 x 014 —3958328.6 J .

—3958 kJ/mol

sloll mhac (e / s8Il Oy (e 3yl oy LY
Bald el (gl B Jeall / ALl s /
CeH13OH(I) + 90,(g) — 6CO,(g) + 7H,0O(I)
AHS [C4H,;0H(1)] = —3958 kJ/mol
R I 4
Mg(NO;),(aq) + Na,CO4(aq) — MgCOs(s) + 2NaNOs(aq)
[ ol Gle sllad s [ GalSl Jyar 6B o
) Bl ey doslinall () A3
gl Jelad| oz g (Uil doldhy aa g3 ¥
(05 L
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(Aalis (Slepean) cilins 3 Lled LayuS
AH, + AH,+ AH; + AH,
4
daalg Il 04055 wie dallaiodl dBlatl s L7 LY
usieall 83Ul cye ST AT Slgall 3
AleLinel slall b daalg )l oS5 Losie

o

2 x (C=0) =2 x 805 =
1610 kJ

4 x (O-H) = 4 x 463 =
1852 kJ

4x(C-H)=4x413=
1652 kJ

2 x (0=0) = 2 x 496 =
992 kJ

—3462 kJ = gsammall

2644 kJ = gsemsll

= Sl ssimall o il
+2644 + (— 3462) = - 818 kJ/mol

T

4x(C=0)=4x805= 1x(C=C)=1x612
3220 kJ =612 kJ

4x(O-H)=4x463=[4x (C-H)=4x413=
1852 kJ 1652 kJ

3 x (0=0) = 2 x 496
= 1488 kJ

—5072kJ = pyemell | 3752kJ = gyamell

+3752 +(=5072) = - 1320 kJ/mol

AH$ = AHP [C3H,(g)] = -104.5 kJ
AHZ= 3 x AHP [COL(g)] + 4 x AHP [H,0,(1)]
= (3 x =393.5) + (4 x —285.84) = -2323.7 kJ
AH®+ AHS, = AHS

AHS, = AHS - AH$
= (-2323.7) - (-104.5) = =2219.2 kJ/mol

d0y

Aer

4C(graphite) + 5Hy(g) + 20,(9) CaHio(g) + L0x(0)

4 x AHg [C(graphite)] \ AH; AH, AHIICaH10()]
5xAH [Ha(g)]

4C0y(g) + 5H,0(1)

=]

AH, = 4 x AHS[C(graphite)] + 5 x AHE[H(Q)]
= (4 x —393.5) + (5 x -285.8) = -3003.0 kJ
AH, = AHZ[C,H10(q)] = —2876.5 kJ
AH, = AHP[C,H0(9)] + AH,
AHP[C,H,(9)] = AH, = AH,
= -3003.0 - (-2876.5) = —126.5 kJ/mol
O3S LS o G s Jeladl 4 Lx
039S ST AL BeS Lgnd o (3 il
LaSall
o-V b lid
EUNPRURS EPSYE TN [FIX I NN LA
LaS s A1 Al daagii O (> (B Aias
29 sl gl e Cne 90 ST A0 AL
£33l 128 (e daglspll (oo agtald dacosia ovuces
cdaliza aloia B 535 sl
Oliall o daglg ) IS 2Bl Js Jliall
3 AH, 9 AHy sl Gle daslgy )l bl 53
to¥ CH dalgpll (e alaly ST AH, 9 AH
ey STy i gl Al daslg 1 o2s e
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AHE, =AHF[CaO(s)] — AH? [Ca(OH),(s)] AH?
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e AH,,°=—986.1 — [(-635.1)+ (-285.8)]
Bry(g) — 2Br(g) .¥ = -65.2kJ/mol
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=2 x431.0 = - 862.0 kJ RS

S SIPES  BYSVESA P gur] 3Ca(s2+Fezo3(s) AHpn 2Fe(s)+ 3Ca0(s)
+ 2 0,(9) + 30,(9)

= +679.3 + (-862.0) = -182.7 kJ
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|

3Ca0(s) + Fe,05(s)

H(@)+ Ch(a) 3AH.° [Ca(s)] = 2AH,° [Fe(s)] + AHZ,
e AHZ, =3AH,° [Ca(s)] - 2AH.°
vy 2HClg) _
[Fe(s)] = (3% — 635.1) — (2x — 824.2)
Jeldl Lo = -256.9 kJ
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(1) Lol AH, + AH,,, = AH,
Cu(s) + ;—oz(g) — CuO(s) AH,® + AH,.° = AH,E [C(graphite)] +
(4 % AH, [ Cly(g)]
AH.2. = AH,°[C(graphite)] +
(4% AH® [T Cli@)) — AH,°
AHS = +716.7 + (4 x 121.7) - (-129.6) = 1333.1 kJ
C—Cl (o Bulg ddayly 5,03 1333.1 + 4 = 333.3 kJ/mol
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q=mxcxAT=75%x418x8.9=2790.15J
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= 0.05 mol
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—2790.15 x 0.05

= -55.8 kJ/mol




