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Nadher Alshamary

v_)lj^-l 

Thermodynamics AJjijJ-l LLujUjjJI 

«i_,Ija1I "Thermo" : Uj . .jjjiJoia "Thermodynamics" -11  

lJI J^di ^ uly3-" ix^'j' jtikivall IAa (jti ^Jblljj i "dynamics" 

3iLU( ji Jjljjj ■ "Thermodynamics" "Ljlj^JI li-aLuall jjI Cyj ■ 

* ih'iVl JiLi, ^ I tfjjJi/l iJLUI j»L«i( I. (LilUJI J^_4-Q ^ 4j_j_L-a Sjl^JI (jV) 

. iiXiitJIj <j4Lj«j5>fl diV^aJiJI _j[ oljaAHJI p Liil "LjjjijjJ,! 

L^-ili (jitiVj i iSLUII jj ^LoiVi I ^juUiii jjJa li* ? * . lUj 

LT^ <i£L^_e <-uiiLj Cjli^Lc, LI in i111 jjSLal aifc , L^jUi ji 

<»J5 Cjfj I4II (L^AAJ bjlia. Jy, jutjl yi*. JJALUJJI siVjUilj CjLiiUI J,iAj .SjJj^Jj uoUalaf 

. ^U^li oljiiillj iiiiiil J^VI (JA j>^i ^ ^juLiiVl j gj 1 < 

tjjjj I ol ij.a..^ yJt LuiLuii <jj(jjJ( KmtLJI "UuijJ ' - "■ «"j 

aiij . iJLill j^jLillj , ^uilj , JjVl ; tx\j , CjjljjJI 

jU iJJjJj < Sjlll JLaAJ J) J' is'l ji CS' ^ 

(jt <a>irt jjJc <3j^L [^i-J jjJj 4 itrtLaJI tJLaJI Cilj>j>lilllj jliiVI ^ _i_>Ja2 fj] 

' ^LlL^ LuJ t^jTu 

o 
spontaneity of reaction J^LaUI 

nL.a^H jjt Aa,i ijjIjjJI l^lLaJI jJt JJU 

CuLS lj) U Jjii q] ^i<u . 'ULaK Co-1 *^1 ^ ; JcLiJ ipliaJ 

. "tiJSllj JfaJb I CHI IjjjS jijj CM fV LSlit Cj^UlLii ^jhAI ■>.< CjtjLa 

^LLIluj < •ijj)>>aJI I^UjoII CojL^baHJo*^' Co^*" ^iLLLuiLi 

, (?jjLAJI oSGUi C)^;) cH1^ lj| Lo jljj) coj'1-■<'1 

(Li^Vl) JJ .-A al ( Jliil Jj-xui (J-L^j . JcLLjJI iLk "Iji-jj ^jll jl 

: <ljL*AiJ DLL ^Nj) ufM^b (H2) C^JU^' ^U. jAtiL 

N2{e) + 3H2(e) —^2^  (1) 

-Lc. <jf gj£Lu4 C)i t Ljija-^uSJI oLa^ll Jjfaa. . I U~.-l j 

bb-®^ crb^' Cj}-® ' 6jj2 Uj-i-c. cwk^j (450oC) 5a.jj ale \ : V *<.■'■. 

. [jxxjajL£. 13.37) Cj^ ub0.204 ^Jl 
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Jc-Ulli viyJjiJ cujlt —ujLtuVl ^_o — jjjUJ V 6a^L(U ISaXalijoJl ^Ic. (jitj 

< ^jjlc i-3q 4» Cta-l ^yA O"^' £.1^ U5> ( (jLj 5jjl^^Jl Kj-aLlidH ^ic. l,jj" i < ^li.ni 

ijivj Jtlfioll (jU <jji__jrJI Liuj j=w| ^ajLaaj , ^lilj J&Ulll jjl '. iiJcaj q\ jjSkxil 

; ii^il I Sjl^ •WjJ die, 

^(^U) + 02(8> ^ C02(e)  (2) 

(diamond) 

(^l f LjLd! 1-ijt ylttlI CfVJ L^doaOLa (jSLail itiJ-AO "i I li* jjLj ^dju LuSllj 

. ttidau jjSJ Ida. iiU>Jo llijj jj«"'■ ■■■ Jclijll IdA (jl 

L|j( jjJi i ^I rajiCH ^uljJi ?_ijjIjJ ^ 5SdiLill jj'u J^ill jjJLaj < IjiAj 

. jkJE. jt (j^tx ^JJLlojS JC-UJ ijjda. "Lut^aU (jjj "" 

.uilitJI (JtlillL. diyu ^JjUJI i_\]jJa]| <Ini'i Cjlj {yA 

|j-i jjtjjVI ^..1.^^-0 1 < ^iUfcll JdUJI ^bc-jj |ji Ojl^JI 15-y.Vuill iyA SjLla-ui^(l jjSftjj 

. (jjljAjill Jfiliill 

i Culiiill o^lc.L,t."JI tAuKy* tjc. Cj U^i«-o <j1 lijiaVj V ISdelLdll ^ic. jjLi < 9 a jS ^ 11 ^Sj 

dil^iillI Q^UL-1 i (CuLia.iSJI li^^1) cOlx-Ulll O^aljJ OVJUaia!! adA J^a yC. 

^Jk ^JdLaJI I did (J I j. liall I <_JJ Lil I <LdLoClil £ j ku^JI (jl .1 ^li '. dJd iti ci^ij ^iJI 

<d5v,i^iLudH 9-4 a^il {y> 9_uLiii Ciio-C. (jj* cu-ilj—aJI (jil (_>«tJ.I (3^ 1 0"dl 1_>^J OJ ilj-aJI 

. ojtjjl bjl^aJI ota-jJ die. (jt jjiaJ V ihn^ \ ciaJI I ld-i\_) 

System and its types ^LbjJI 

<iwyj jkUalJI (jA Ji dJdAJ Vji LjaJ <jLi i -CildJ JcLij jl <ld*_a ^.lIac. jjJc. 9j-gljd yl t Ij^f die. 

(jA I j ji.uljd ■ .-ll"' < ... t ^ iiklA jl £dU (jA 9aa^ j| Liu.ua ^Llolit ij) I 

. L1^ I I ioj^jlLi <ic. jaJU Ua '. Uldc. U JS (je. I jjuag Jx-vli duaJ < LSdalllJI 9dallH 

jL'.ll 9^-a.J (jA (jjlja, LSj-etud ^JL«JJ l Sdjd-WA LdolVl ^.AAa. JAJAJ < l^LAlljdJI ^i) 

^Jl ^1 Jl, (Microscopic) 9^atU( ,> . (Macroscopic) 

ia.jd^ «l L'.H 3-JSJI (JauLasJI ^ Jdu^Jl Id* ^ Ia . jl j" r.VI J ^ SjLa-U (jLuadJI 

, ^.UalJl <Jjlja. L^lud CiLuldeuj^ dajl (jjll < <Liui.j <Aj'jev. 

dxuaijj Ajdaj ^Jdaj ^k,. .<1 <(j < (^AJJJCJI ^jA*il ijA Vja-# : "tilj (System) ^Lklll i-AJdAJ U^iJ 

al^aVI ■» 7' ; Cu (SuiTOimdings) JaueJ.1 Lau^I oiJJU, LtS . ((L-uuljdll c»aj Ci^-iJ 

iuu^lj jvliilll (jdJ 95jLt devjj d5j . pUaLluL ^(^0*11 <ll J\ « ((jilkilL JaAaH ^lll ^J^.Vl 

(ji (j^Aj cli . 9*lly Sdl^ <Ij^ > ^ f-Uil ^ J ^ ^^,l0^1 
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Nadher Alshamary

LJ>1 tfVqjJl 

. 1^4^ jl jl S jUI iJ^Li lioAi*-!! *Ua<Luiy jiLtlll (joj Jjlila jjHj kij.'.-yj 

• i^Aj ' £.'^1 f LlajJ' pj' '^"i u^-w ' ij+f L» 

■ £>ii* ~ 1 

. J^U-a ^Uaj — 2 

■ Jji*-" jktiaj — 3 

Open System : Vji 

plilj ^Lkill ^ilaJ I Jax^yll "Ciiliy "IjjLi jja itS lillj J-* 

Ij L'yii J a 1M jLjj 't-J-J-* Ljic. J-C-t—ueJil i nUI i ^.LUill SjLa (jt <jlj , fLa 

JaL ji jkUiill IJu JLLy . ,U>AU Joa^JII JJ (iSLL) ,-111 Sjlj^^l LAS . <Iy=». ^ Jru.-J.I 

. iftJJvH JoiAjll J_a <jSlJcy «GaU {jj, its 

LT2 CfJ+k) ' jA-fcil yi ^LaajDI oyLtliJill ^.n-a. , Ljul ^.LLkill lifc <11a1 ^aj 

.ia-jlia 

Closed System jiiJi ^Uaill: luli 

fLxa ^Uolll (ilJjJ JlUy . Jaxall iauyJI <(jjLtt jja JaSi <iiUa JjUj ^ill «l t=-MI liUj yk 

' -loAHiJI u'1 ^LaJI aii : flSaL JUA ^Jjla plil J^JAAJA 

uV "LiiUa JjL ji ^Lkjll liA (jl JLij . ioAAS-ll ittjAyll jjJI JiXj V ^Uull SjIa yAy] pUI i «'... 

, JsAaJ,! IaA<yll £-a •GaU 

<2-^0 tf2 < Ja-*J.1 (ji jAS (jlil iylpuS]! oiLtliUI ^JAa. . Leul jkUiill laA <£La'| jjAy 

• SjljiJJ J^yA jlaa. ola 

Isolated System <JjjjuN ^.Uaiil : Uilj 

fL-kill iiilal Ji-F4j ■ .kfall i>_uy3l ^A ^L-Ujl CjIa (> U JjLjj V y-alt jxt-kljl (Jay-A 

' ■^:^' •laA.yJi vjjaAJI ^a ' OaLj ^.Uiill Sjlja. C( iua. , ((^_j 

^ u' U^aj Jaj.a-ll JaiAjllj ji.UiiJ[ <ilkJI JaLii J,1 fji 1 jLJiyi ■ ^iJL jJXaJI 

• jAAillj Sjl_>aJI : LOAJ ( 

(J® ulj ^ (JjaA^iU ^LUJI LjA-lyAII ^A k-jiia-ftj y^all jillilll ^Jl .1 .all 

l%AUjaJI u^lji (jU dJj^ . V |*i ijjljlA ^Uiiil lij Ua laAij, IIiaa S .<. .I;.,. yLa. 

■ oVUl . XaU Wk oli 
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         J-oiJl :  

Macroscopic and Microscopic Properties 

cK»l>^JI oLjjIaJ L-iuSjjJI uis, ^UalJJ tujiuyjSUI I «"«" 

f'UaiJi otui>-aJlj oljil/ yJ-a.ljJ) (JjSJUI I 

: a. >0 f jjoIjJtl 

iLa^j i ^1 (Macroscopic) ■ nai 

Intensive Properties O-3!^ ~ 

, j^LkJI ^ SjU) 3jj»SI sUIjl! i ^jll Ah 

■ ( 6jf^r»JI I nil ', liiiS ?Aal 

. Extensive Properties 'L^.jU. ~ v 

. ^UojJI (j-4 S^a^l) SjU) •UAS ^^JC, Jajij ^lll IjaJI ijij ^Jllj 

^UlVfj. (M) 5J2flJj , (No . of Moles) oV^tl , (V) ^Jl ^IjkJ) eUl <£^1 ^ 

sia 1 (i-3) uU^' C^Aki' ' (E) 5>=JI ?SLU(j <(11) 

. fUaili VrjU^lj ^iAJl ^iy-1 JsaJ lL.i: < 1 -3) Jja^r 

Extensive Properties Intensive Properties 

Volume Pressure 

mass Temperature 

number of moles Density 

Free energy Viscosity 

entropy Surface Tension 

enthalpy Specific heat 

Heat capacity Boiling Point Freezing Point 
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Nadher Alshamary

Thermodynamic Processes LL*uiLljjJ( oULcx 

Jj-'wN liUj iJl Lt* ^.daj Jj-aJu Lajit 

. (Process) 3_.l^ 

( «L«-uqLA]! CaJajVl jjAju ^ ^AJU Lj A.-j.lj.oJ jvJJ yjJI oLiiajJI (jli i 5 a ■ a -■ H 

1 l(Jia 

; ^Jl iijI^JI LSxa'aj^ll CiLilac ji.ji nil < dl^Juil ajJ6 ^Jc. pIajj 

Isothermal Process 

• Jf*-" (jjJ jiLlaill Sj)wpJI "La-jj tJJ& LaIu ^jj LJall Sjlatjl dJj jjjS 

i^L« j^La^ jvdiiJI Jj^jL ^c. liUj 

. ^Uj^VJlaUJIJULvyi. dT = 0oii' )XAJ 

Adiabatec Process - 2 

u^l «j».UalJI ^1 j) (ja Sjlj-^JI JLijjl jjjJ ^lll ij-ila jll idlj fjJ* 

. (an insulated container) Jjy* phi ^Ikill 

. "UiuLLjVl «LiLiaJ| <iLv ^ < dq = 0 (jli« lliaj 

Isobaric Process ^jUjjji 3^1*© - 3 

• JoixpJI lIjc. jijj j^jJI ia.xlI i>lti ^jk 

(culill) U» .All (j_j£j (x»l'j ' "A-J^ia tail ^ ^iJI CjljlaaJI J-iaa I^"ifi.nl (j^j 

ijSjtjjjjVl ^AIaaJI yia. jji ( dp — 0 (jli < Iji^j 

Isochoric Process ^jIaC - 4 

• ^■^*dl CyA AiC jaS J^ll I "UlajJ I dltj ;JjS 

, JdaJ jj Jiji (jjj jali jjlll CihJ-a*il l^lAal (j^j 

. ■U.ln.aJI aLa. ^ < dv = 0 (jli t 

Cyclic Process (Ajjib) 3HL* - 5 

iulaiVI "GJU. yjl IjA-a-l ^5 < (oLjla*!!) Cjljjilll (jji JJ*j jkUijll L^aI jm ^1 LLujl (jj* 

; (jli. (Cyclic Process) iiJill talnxil L-uJLy 

dE = 0 < dH = 0 

. iAL\J\ ttlXJI ^ jJull ^ dE J ^ ^i . ^JtuVI ^ jAiUI ^ "dH" 
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 —   —    vtJlill   

4 < m C t II j^jtg in ^ t H OLuLqJtJt 

Reversible and irreversible Processes 

, aUSji pJcuj Ji l|jlj (Reversible Process)?^^^!! liLuJI 

cr* J1! ' <JLa, ^ jj.i^.11 ftiXLa jffAjj < (lUij) 5JiaJ {jfi die, L^ALajI a..<A £)< > ■ ^Ij 

5j( jl .Ui-^H jl "La-jJ 3_iAljl_a i_iUall jjt L| ...u^c (jiaj ^^lll 

iTjIjAxle 

<JL=JI ^ ^ , i-iL-iJI iJC L^'u (Irreversible Process) Ll^XuJI j+l LaLuJI 

^jill -ULaK jl I I ftLajVI (ji jAiio jjl (j^AJ Vj . Sjjaj ^ ?]L»JI tuljjjVI 

. ^Lta'JI <lLaJ I Ciljjili ^1 [j-i jijAalt <Ullila oljA*j i_i1U1I JaC. I j ■ ■■'*'• > V 

Energy and its Forms iilbJ) 

IajL-ojSII diIj i « "ill <-i^>I ioil -uLUI ."■Ij i 4 " II « . i.lj 11 lijI^aJI Ki >.l'< .|)t| - Ia u^-i t i'II.i^ 

. luLjjillj 

(jfi.ai V jjjjljjLlI ftAjtj .CjVj ->"i II lilA jkJajj jjUJI •LftLail U ■ jj , .XM bjIj — 11 Ki «!'. . ill Jiftjj 

6lI4 ^jC. j.li «."i 11 jj ti < I 3-ij[ja jjAjlj-S fje. Aj Llh i II a'l L^l j| ', I j 1 n JqaouI I j fll«~ .t-.l 

djLfi I J^-ft jl ft J.I -> n CjI-Sa^Aj J-a.jj V <il ibi-h (jj» < LaAjI ^j-A CjI. ftK ^Ij^uauI ^LLaj /jilljiJI 

, qLKII a jft 
yl 

U& Lfl Jj^j V 'JJ ' 'J^~ ^jA-iaUj _)-LUU VI (jJb La LSUallj < CiLaiSJ) ajjb aiiLtJIs JJljj 

cjIj csj-^I I jl oljji'itl ^a "tuul^jl IflaV-c- ijLc 

VI La SjLa [ja iliA-a <££ iSLLa jjli i Jdtl JLxm • LfxoLji jjiaJ yjl(j < y * JlLI I 

• ^°(^4j < ldlj 

, 2/.l: .<11 LSLkllj <-5Uftll : L^ia . (2-3 fij Jjj^ ^il) ajia^a JKAii UU^iij 

a'^j-v .t. « -.1 - iillaj ( <,>^aJI ULUIIj ■'Ijj j*'!I 3jLLaJlj < <jjIj-aJI iiliailj i "(a m ft.<»ll 3jflUJIj 

. (oLU^V1) 

ajrjVI)) « (erg) ^jVL Lslkll a j-aj ^ >a*j t (cm . gm . sec) i ^ ^ yij 

ftjatl ft,.! JJ . |> ..|1 Ujji iiLuia JiLi. < JawIj (dyne) KyjIjM Ltjljia Sjj JAJJ Ladle, gjllll JJLuJI <jlj 

. lIj . jftjjjl Ujjl ■dax, Lft JI Jda "diS (-j i <i^"i ylJ I ajSl I <jLj kJjj I jl I n i—iyijj , (dyne) «(jj|j]l» yA 

I ' j ' a J-vj JL&JluaiI (jaA < ijUall ya Ija. ^ "Ua^ Jj-oJ «^_>Vl» jjj iua-j 

. SJI 107 = J^\ : jl . "Joule" 
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Nadher Alshamary

■ ' ' LJ■ ■■■ - - ■ ■ - . i — ^ i i 

. »jlj-=k (jij >L<,1£ ^i.Vl oliaJI iiLLJI Jj>aj C&ajJ 

pLiu^II JUjlLujVI OuLiJ) SjlSj^jj .SjI^ ^ ■.ui'i L«jIj UlLJI ^ <ixoS glUj 

^ijJ «LojiUI 4.j.o.^ jjt SjLix ; "GLi jj-i"II >—< (CulOl'ic) «iuLjjoiJI 

. 15.5°C ^ JldJj ; 15.5'C ^1 14.5°C ,> pUI ^ rl^ Sjl^ ^ 

, 3JUJ1J ibUJI Jilkll Jl^il jiiu (2—3) 

43l-uJI J^L; SjJjl JpsL 5^1 

fl^jml <iLull jji jjxij (oilj) CJ! lijiskaiu 1 

JjljaJI la.jjypi lijl^ JiUc 2 

(<G(j X Jiipi) (oJj*) 4>t 3 

(n)™ ~ /r—) zA (5JS^. JiUa) "ISji* y Ua 4 

iiakd X ^Ijjjl EJ! ISttlJ <J Ua 5 

kUll fyi JJAJU jtkiJJ SXii EJ! Q-LU-" yUa 6 
4' -v .*, 

oUS cJ»i ('tj ^Sll 4-^o .^*>1 ^ .. ..»»- 
7 

4.184 (^jLuj <ju (jjjjLjijiJI jjV) iiaiitiu 

• d>a. 

4.184 = ^jujj 

, Jiii Jjj (jJt f m-J I aj^i ^gj, — iiJlaJ,! l^Jliiilj — iilLJIj 

I ^tkuj jjc. ^>6 (ji JLJI Jj LoS , ^_lAjII U ^ iilki I 

Jil j 11 ii & a JAxls i <jjjitUI ^ iSLLJI si* ^IL" , L^; ,A ^ ^ jj 

, Sjl^ ^1 SStkll iS . dlijS . djp** olil Lj^fS 1jlu iuLxJ j) , ill ?J|^ku.] 

' ^ jl 1(1 i gt'i ^cjaall 

' C^V :ij4j * ikLulJ SjljiJI ji Jk-il) jj iSUJI {y> (j] ^ ji «.j 

, jXuJljl 

■ f '^1c^iJI < 23UJI ^ jkill VI II^JV kLc. ikcu, 
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 J^iil  

Jjjll yjj (^>A ..<V Ij <jiU 1 1,1 LiaJI I 'l fi (t"» — ^!Lo — (^JA-J I ji.-k al I Jl!lXC 

■ <.1 U.a'i J-y .I<l jjjlj *< a " n lj^l <it-liJI LJLej I ^C02j ..Li-lh.'nI 
i 

j| i ■GLlij-> Ij ciljjH i-j-Ujj jl < (jiloJll j-i-uall (j-t <C3jlj_aw 

, OLyi jl^aluuI 

j"»10 LkjaS iiL^o (^1000) jjxlj L^jj I iiLtoJI i^jl i ii-> "j 

. ^ lij/ji-i-u980.7— lixojVl iujl^JI l^a) ?j■ ^jVI iujUJI S^jl Oua 

li^jVl ^jUJI x * fo^JI 4^ = LajiUI <3UJI 

980.7 X ^Uiiooo X j^.1000 = 

tj\ 610 x 980.7 = 

jloiaj _>il JxS) JjVl ^ LpiLL (jc (LfAij S!-^ 

^Jl < ' ■ ^.lA-il tj -^ll ^LU J^j-" < u 11 /-iV I I j « I Aj .yjj Itill iaAxuS La JACJ , 980.7 X 10 

■■■ Ij'.f glu) 53Lla (jJJ 5£>=JI <jUq J>»3j I jji.jVL l^aliltxiolj i-iSjIj Lsjacj . 3iLl= 

. ^IjUI^IVI (jl^o i^j 

ojljJ.19 aiLLxJI 

{jl —CiSjJI — Jaa^Lj LjLfl 4 <la Jjj5 JJLuj LS-MajLa LjiLui l-n -i.n--^ laj 

^ LiS U5 . (> S^JjJ j5 0"=^ ^ cW ^ 

■ ds^ 

. (Thermal equilibrium) u'j21 ^ o^'-y^ al d^ ^UJl hXa ^ 

jjUl j>j.uall Sjl^a. o*-ijjl Laj-u < c* i^'i a2 ^.LuJI f ->11 Sjl^a. jjl : <ijxa. U 

jjUl ^Jl ^ (>i.LJI (i^JI ;> Jilil aJ# - iSLU - Ll-ui. o'i t>u ■ 

. (Heat) SjljaJl ly^: JauI ^All li>j» 1" Lo^i SjljJI <=.ja c^Uu 

La^jJ ^ f■"'■?■ (jJl f-1-"'? (S^ ilH" WjL? 

• (JJn"'">h OX SjljaJI 

. i>»xuaJI Sjl<?-jJ ox il)^1 '-HP2 ^ c>J 

oSJj ,6j( 1^ I ftjj cA^i J^11^'1 ^ ^ '■;L5Ly| ^ ^ s->l-^Jlj 

. Jjui ^ylj Lpja. !>Li>^ SjljaJI 
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Nadher Alshamary

' ^ ' '" 'Ml ■! P I. P _ -^ - - - - - - 

,-,lj' «"li ^4 j-AS jji •Gli ' 'LBltiaJI (ji iSl—UI 

, '|JU> jl Jiui j5 Sjlja. <i^s <5LU( yi . WLmjSII 

: iJUxJfs AJUl 

i^j < La fMA. l^SLtlaj ^yjJI <jiui Ifiu I LtiL-u Ljij LaS I <iUoil wi_>Aj 

: jxljijjjjL l^jLuia. 

Kinetic Energy (K. E) = -i- mc2   (3) 

. Otjxu (j-i "c"j t »..1^.11 "m" 

i "iiLIa L^ofJ ^ (^aJjJnLa-a ji JL»~o jvlv-^u LiUo 'J j*JJiaJlj 

. ^JLi. Ijji ^.i.,htiII Iaa ijiS! Ijj 

LyliiljV 

^ijLo^L) l|j ^*■(j^aJ La.^.'lAj La^UJI (jjj i tiUa jJj it2JI (jiail <4U (EinStCin) jjlju ujjl Lijj 

Lf^J O^jJI (j*J lijitaJj I i Cji'-C.LfljJ I LiLioJ I j^a iijLjJI o L. ft's 11 , 31ni m 

. itSJl ^ ^Kvij 

.' yjLuail LtlU <2LUil i^y *< ia'v ""'"' 4jU < "Am ' jl '°■" Ltj^ Ijl <j| ^■ II Lalj 

Eni=Amc2   (4) 

. 6jllt Jja aja. 'la.ili UlioJ 1 <±jS. H|n 

. *21L J\ y^l Sjat ii£. Am 

. {3 X 10 cm/secj Lj^aj jLum< > e^All ■ ■■ c 

1 (1 gm) 4jliS |i^.ua. jjc. "LajUJf yUJf I_iih->'I (j| joixLuii « Kjjjtji.tlj'l» HjU-o » I >^.'...1 JJ 

(T . N . T .) Sjl_a Lm (HOOD) Jjiliu LJLUJI Lh <_j—aill ai^j. ^9 x 105ergj ^jl uj; 

• jla-iiV I SjJj-ii 

•L^J^aVl OJalif oLVjll cJaiaut yLa- < 1945 p.U. Wjjtuijjl» yjLu CuA j5j 

• ur"^^ SoiUJI 

fC-uu»JJ 4al*>lxlt dJUaJIg d ti.-LljJI dJLAl 

SjljaJ/ ytaJI add i fti<-»"ij , jaJuuUlj Lull a XII 4^1 La. ^11 j ■ •*•" ^ ■ ■. -.L itlsJI 

, jt-uiaJI cL^)Sa ' jLuiiVI JAU-hj ^gjlLJI ijljSJIj 
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.UUl JvmJI 

Ijl "GujAii (jJtJ < <*-1^1^ jjJt kilJ i <j <Ji.ljJI iJLaJf ^i n-^ll 5j Lfa 

•UU I lla.Lm lj| jjSlj < iSLkl LjLIIIn ^.ii-^lt 53LLi (jjii aLi , <JL^ ^ jktiisJI 

ftFLii Jil <jLfl IJjU jt rn-ill Ij^J < ?J1 Jj _1 mil CsLUU j.l./at a ^ <_alj-3^_uil (j^aJ 

• jjA. ij.-ii i jt-i .i?n 

(jji (1 Kgm) ijl I 'OUjia lj^ ^jJc. j»-"i-aJI 15Un J_Ql*jj 

, lii Jj-aui'l Jj] (>. (1 Kgm) I < jt-xj (jlll Sjl,^! (j-a jiSI 

UjS ^ya l^.tlf. JLjxAtJI (jioJ Jjil( < l^aSJf (j-a j»'Vfltl (j-a I j.Jft (Jj.t^a-all ^lll lJijUl 3ja "C (jU 

• ULVfJ^' ■J." Jjl (>6 ?j_sLuA 

. ISJLUI UUj^j jjlJI • SjlA-l ill f-lAA (jJt LaAjj <5LLa .I f'lXtJ 

, U^lotl -GJU. p 111^ i_£I L^jjlskj j^ltl l5Lkll (jjs "uLj-Ij]I iSLLJIj 

. a t* 1' n .<tl o^UlU 3.. ..'tl y , Ljl^JI (^latjajJI ^-U- "taJLj 4xoJil CJ IJ ^joaj ■Lxijx.! jj I 'Ui LLJ 

. James Joule's Experiments o"-***- 

. Sjl^a. Jx^Jl Cy JU^ CS^Lj-a 1849 ^.Lt yfi «J>a. t^saa-B 

SjljaJI ^yiLll ^L5j ( jiL <J olej ^ SjtjJ <i^C SjljV JajLi Jl>«*il J*4^' aSlj 

Uljj'l «^..1 -»"i i nI <—ijl ■% ! 11 40-6 a fjij . (sUI 4jl^a. l=kjJ liOLaJI kjLljJ! j_>"l _'5j 

. Sjl^^JI (j^ I j •■■»' lu^JI J>uill (jl via-jj « pUI (j* <5.11 r>-o oLyi^J <flJli-o 

^ jvlisaj <L-OJLO < IkalA J15J1 Ifcj-a.-w. i^ya (1-3) J^*SJI ^5 JtJ-alj J-* Lo^ U^iJ 

■-,1 al ...« lax^j S ahX . yLS') ^ «iJja.» jaQ-^'i cutj .cliL PJLU fLcj ^ jjJj u^" 

■ .jl "II aAA oswAJyi OJL|J , ,^5 (>U,1 SJIJA 1-».JJ ^5 ^U5jVI Ja-aii 

^ SjLjJI jl 1l....'l<II Sjl^^aJI IfaSj <iajljk JiU l^ul^-ill IsliaJI ^ jf Jjiall lU^J I C£i 

i ^...."<11 5jj|^aJI liLUII 1^ LpljL^a ^jioj S^jSill L^LulSJ.1 l5UcJI ixS tjlj . PL4II 52LUI 

» Ij^JLmL IjjVI li^LxJI ^ lilkjl JJA (^".UL^.U QuLa O^-a-a jjaII oli^ljll Lilatl La Ijl 

: liuOiJI JaljJI 

1 cal =4.1841. 
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0 & ■ 

5 J 

i 3 

1849 : (1 - 3) J£iij 

(jjiA ULa. I OJJ Aii , <ULLJJ QuitLa^, U-i L« Jiutlij Sjl_>rJI (jl LjJ^.j i IjSUj 

jl Ji_ii (jj Li>i^' u1 jjl f ilLkll pLL j.U.a , iSltJI ^ 

' CiliUaJI ^ljj| fryu*. jAjiu liw-aj ^jVI IjjJ,! (ii 43J41. Cl« lii'l .tili ?2UaJI Jlaj ^..<.11 

I ^ a -* oj yS_oJ 

(Conservation of ULUI LlU. jjJH liA ' olull;!! UlUlj ?jLkJLS 

. energy principle) 

JjlaJll Jj-uiJf) (O 4.) - n J « w. 

J^L^. J-cjj ^jlll j^l (51 ! iiLuull ^ IjjjjA* ^5j| Olj lJjjlj 1 pLyj-ill 

. iiLxtl 

jl) JJ-aJlll Jjj-jll J i Mill AJ-a^jJI Ji-wJI jjli , <jjlj_aJI Kj kLuiAII ^ La] 

• jl 'pV ' j| ^a-all -lii.toll Jxuu «Ji_)*j JjuUI , oljliiJ ((jiUiVI 

c^li JjLiil : 'Vji 

>aAll (jJc. OjIj Lr^jl^ JaJ^a XJ> JiAlj Ujit < jvlklll Jiuitl ^7 Lul ...I .jj 

; (2-3) J1A , ^IbJi 

Oljja^Vl aii ijlj I a [cm2 j ^ L^-aiala i^,Luij ^ jU Ljja] <ji 

* ( (*"" / P JjJi ' (dlSla.V) Ji) qh&AI S^>o 

■ (ujIj) pa = ^oKll yJt SjSill IJiJI SjiJI yjS^j 
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i:: 

ii 

* ' « 

rH 

vwUtl 

tui 

. j-JlLi U«^ A jjc. Jjj-J,I Ji nil! : (2 - 3) jSLi 

^..^11 (jLi i cuIj ^j^jLaJI Ui iAII I /i'iji jUJI [jl .l'» iAjiil I 

4 al ... - X SjJJI = I .loi.iAll a-iA JjO-jII J i Mill ijj%} ((»-"') "h" I—^J-^U 

tlzsJ\ 

. jj^oll yj JjiUI JjuiJI = pah (ergs)  (5) 

ah = Av  (6) 

. ajoaj <■?. u'i jUJI ^ ajL^II Jiaj (Av) dusk, 

. jAtill JaaIJI = pAv   (7) 

jjp) (jAjUI jaw ale Jjij-all JiAll : "Lulii 

"LujIjJ ^ <jLi I Jitlll 3jt<ir pliii CmIj (jli |j| L« <JLs. ^ Lol 

■itui.t.All jl jLial I (dv) J (va^aJI ^ Ida. fljfV.oli Cjljjijll JiU. (>» <lUil iift 

, hjjSj bia ^ culi "p" 

. pdv jjt "dv" ^,->.-.[1 ^ Jj«^' JijiJI 

, pdv JI dill i_Ulij < CiljaiiJI ^ 11 III 111 u* Jjdxll (J^ll Jijih UJ%) 
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ISCjLJjJl 

W = jj^ull ^ JjJull JioiJI = | pdv ... (8) 

W = pAv ... (9) 

:(l)Jb   

(1 litre) (10 atm) ijljia cut ■ a j-i-a jit j.u'j La.i"ir. W JjijJ.) J« ■»!I - 

. (2 litre) ^1 

= J * 

V| = 1L j V2= 2L j p = 10 atm j W = ? 

W = PAV 

W = P(V2-Vl) 

W = 10 (2-1) 

W = 10 L . atm. 

W = lOL.atm. x 
1,987 cai. 

0.0821 L.atm. 
W = 242 Cal 

1 cal =4.184 J . 

W = 242 x 4.184 J 

W= 1012.528 J 

JJLuj ^ t lyt OLULQJU) 

Reversible processes - Vaporization of Liquid 

(jji. plj^l <jLi < jlx. j|j Jjl 

ou&u dlSu-Vlj ^ 2:^> ^ U^J.^ SuLu. 

^ ^ ^'^Vi ^ . (LiiiiL <ri\ iiA 

Li-Jill LUi JUjall 6iA ^ JiLJI jU^, ^ <JLJ( ^ ^ ^ 

Jl Uuu Liiiji ^4^1 ^ ^ ^ iju, CiW ?JU ^ I^JS <^11 

SjLjy . t£HJ| ki^kJI o^, (_>1Aii,) , ^LdJ j)j^ J5UJI jLLJ Li .i. --'I 

^jjiuJ.1 ^ J21^, iii^ku-Vl Jib luis WJI Jkj dlitj. JiUI ^ 

. JSLoii jLM ^ gilili ajj^II , iuii LijktuVi Sjl^ Up kuil 
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i jl i,All p U« iAII Jj-aUJ LyLuiA jlAJI ^Ijjj j^ill Ji—jilI fjj 'Zjj 

i (h) La-jLA. <-*—Sj die (juJiSlt I j <Uaj (jjJI (<JUiil ^■^■•^■11 ajLij ^jLojj I^^.-V < (Av) ^ea-aJl ajLj 

, (3.) 4.1.1-1 a 0 4a,(,i.ii.a ijA jj, 1 n r- 

(0^1 W = pah  (10) 

(Av - ah) 

W = pAv  (11) 

jjlJ < ■ Al LijI i.u a .1-1 i I All < pU,( J-A Sjljki^iVI JjLuJI Ijjj 

jjl j>-v -til SjLj i_ii mi -t 4jU < «U( ^ JA11 1 lli . 100 C 

. (jdO.018) J5UI^JUjbl^4iU. Jttil jOJ) 

W = pAv  (12) 
rr-fl 1 

= (1 atm.) x (22.41 1/gm , mol) X -^jy 

- : (R T) <.^<10 (pAv)ijc, (jlaji < 1JIUI c^ljUJI jUoll Lieiji Lul 

. pAv = R T i^l 

W = RT  (13) 

W = 0.08205x373.1 

W = 30.6 Litre . atm / gm mol 

jl 

W = RT 

W = (1.987 cal)( 373.1) 

W = 741.3 cal / gm mol 

u.M<tl ^kLa ivlu^ ^ O-oku Vj « JoSi ii.jj <aWI 6iA ^ JkuJI Ooli^j 

. LJdo 'ijU. jjLIill jic, jlAJI jkltl ilfl ^ ialltl iSjll liJjl Ijl 4jt Jjt , jl jl 

, ?ij Jj^'l ?IU. •uUua. j'l IJLiC. jijwajl JJAJ LH'b' ^aicj 

I j .^'| ^. ^^j]! S-LAjlA) (jAjLaJI Ji-Atl IOA Jjj ^ iilfj-eoll ^jiLkJI 

,> jiil ^43^1 <> LSLUI Cy L^^-010' LiL*JI 6^4! ^ ^ JjLuJ' 

tUI ^ Oa-lj {wl0^. JjAji 4i] wi^li , JALJI ^ 0A Ua imljjjjsJt Jeoil f iillj 

j J -<H iiA Jfl—Sjj < 1^—* Ui (539) {Ok < j-_a.lj CO—1?' O^Hi L-lika (373.1) oie 

iiA (jj LuxIaII SjI^JI ojSi dljjj. u^j-^/(9713) ^'1 (18.02 x 539] 

: <Jllll <JjL*1 I (.i (jGxttill LjOaa culilI Li■ Ali cLj 
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q = AE + W ...(14) 

AE = q - W ....(15) 

: < 41 Ay 

AE = 9713 - 741 = 8972 cat / mol 

<lj( j| ! y^jLi. JJui JdJ Sjly^JI (^LaLoI 't.jl.nf JIaj < ^jL-uJI JLHI 

JojuiAvll SjliyJ jf < j « ' ~ll jj-fl * i «11*! > 3-gkjJ ^LLL J ' ■ ~lI <k^xl <j| j*- - ■ 

SjLjj u**._)LA1I ioixoJI Jj)( lj|j ■ LaLaJ jjAjLiJI jjUcJLAJl ^gjl m"j i ui SjLj 

. nl i ^jlj jjA.ull Sjija. Sjlt^ < jLaJI i_6j5j o.u.hj (lllj (jli i ^ 4 i *1"' 

J.iqil I (_rMaJ^| J -t A. tl 

Maximum work by isothermal expansion 

f i i a-»^lI (jji ■Co.^l l ji-iAl i jjjk jt-*l 3^.jJ Cij(j Ji»J (^41 ^ i^lVl J'.j-ul 1 Ajli 

^llyJajjiVl >Aa (jlj I ojyll "J a4jj^ mj-iaujl ijAJj jLc. lliiAj yli , iijlaill 

^ j "51 u^jLaJI JoA-i^tl 1_jAi^x Ijjj i T (jAj (Thermostat) <Aj Lj u-® ■ \j' 

jAlj jLill .lot,.1^3 u^S'ij Ja_«jlil IjLfjy < "Av" 4j_i_i_Ka JiAjj jLill jjLi i " Ap" tij-uL-uo 

Li-iAlI rjAa -v Ijlj , lyc. JjA-cj <^a.jLsJI iJLiAll ^ ^^1 ■ ■■ ". -■ 3'iljt.,..StI 

ijAiaa ,lj(j « • Av jlaiaj ibjj ilij "> iALi J.uAj i-^ui jLiil (jli i (_5_>A.| Syj ^ -.jl A. 11 

• 5jJ-i-ui3 <lLl2ut 0L1 aAi JXOJJ j>.!jir»ll jU .JJtwi ^j1' ■ ^ OLUL^J U« . Al| 

jljiiy p" (^a-jUJI Jni-.AH -Uyi yj^A Ji^aLJ LjLjiA J^iUI Jiiill qjSj Jji in JJju JS (jiy 

• 'Vj jjiLfjll jv?»...-vll "V]" jLill -»ll jjl liiAji (jli ; "Av" |»a.-»H 

uiLflll j»-a-aJI "Vj " jW3-aJ( ^ J.l.All < %,j,"u (jKJI JjLuJI JJj-iJ 

JijiJI uJc. ( Syjj-Lflll oljJ-aall (jx JiAlJI ^ijULo « - i Ijjl ... « 

: J.ISUI ^ oc Wmx 11 

W^f PdV  (]6) 
Jv 

Vj 

v 

' <4—"oV) I^jILSJ ^La.jlj iuli jUJI .kiiA.i U^JI (juSid Liilfk iilk yljUAl tjSAiVj 

Ji-iill L^yi Jku . ^^MaJaVl Jijill Jj, JjlJ.[ Ji .til |jl Vi 

VI liyl V quiVI J,l liua. lyiklJI ki-uaJL ^jlill Jai—All jl ^jUJI JnjuAll ^ itAlil-uuVI 
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        i dJUJl    

|jl (51 ! Lojlj jjljjl <JL=v jji — 1 jlnr — <-c,j-/w=J.I illljjy i' AP" ^.i-LO.II d . X. 

: LT0'^" tSL^ is* 

PV = RT  (17) 

jl 

D RT 
P = ^r  (is) 

. "dv" ^ iLLJI JUaUIl ^ 

,. PdV = -^ dV   (19) 

i: 

■V, 
v, 

PdV = 

: jjU i <ljLxlf ftiA J-tiKlji p Ij^L^ 

RT 
-y- dv   (20) 

. SjljaJl C(_JJJ jic UAJ( OJIJ jlaia "T" j i OJIJ jljia "R" Jjl itH'Vj 

V2 
/. pAv = RT In —~  (21) 

m • 

Wm„=RTln^. ....(22) 

W1BaK *2.303 RT Jog r~- .,..(23) 

i 4_ulj jLjJI 1-i»j Al j>. j'iU I ^jVl ij io.i JI (^jLuai j LA J.l iCti I « Jjiiil u i aI Ji-uJIj 

■ (jJc.I i_jAiiaVl j«..7tr>.l I JLoJt'ti.iIj < jjAt i i I n j i A i^ J-olSiJ 1 JljxLuil ^tA-V 1 i_iLui3. 

JiSl] jSoicj . 5_AlaiVl ilLJI JI ^jVI ^l\j 5-ALflll 51UJI Jl LAIJ JtVl ^Jl oiUliill 

(jl .ULj iAWI *11 Lx J "W" j-aji idLuitl L<LA1JI Jui.a i l^.iiiii t'n (IJLJlj OLOLAJI 

. jUJ! Jc. iLJui Jjj j2 JqatJ,I JLaujII 

! |»^'V->.li (jjj "Jst t Je^t -.Ail ^Ia^LuiU jlc. 0A Lrol_^a. ^ti*»SVI (JijiJI oLauA, (jSuiJj 

: u' O^J ' JiJi JAAL" (jiaJ 

PiVt=P2V2-  (24) 
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  AJJlSL.bjJl  —      

p, v2 . -■■■• 

pt^VT  ^ 

W™, = RT In  (26) 

: yJc ?iLUI ^Jjlxll ijLiS tjSL«u <iLfl 

Wmax=RTIn|l.  (27) 

WmM = - RT In  (28) 

: (2) Jli . 

it , Li.i'Cc. JJ ft'jl (25 C) 5-a.jJ jic uJllLa jU, Oa-lj <Jjju < "A U 

. R = 1,987 cal Lit f (20 litres) ,^1 (10 litres) (> j=J( cyu 

T = 25 + 273 = 2980K j R= 1.987 j n = I 

. V, =10L j V2=20L 

W = n RT In ~- 

W = (1) (1,987) (298) (2.303) log 

W = 410.5 cal 

: (3) JU—_» 

CO?' JAall <jlt jjitj ^jll JiAJI lo_iS L» 

R = 1.987 04 Ut. (22.4 litres) ^1 (2.24 litres) ,> ^1 >^11 ^ . ^llu j[L 

: J J-l 

V, = 2.24 L j V2 = 22.4 L 

T = 0 + 273 = 2730K j R= 1.987 j n = l 

V, 
W = n RT In -~- 

vi 

W = (1)(1.987) (273) 
. ^ . 22. 
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Adiabatic Expansion of a gas jUJ u <r-Vf 

L^fi (jlll Lfj] (j] '. i.i.i.i.^ jl aii Qp j»I3 yiJI LtlajJI ^ <_v^ uLLJVI 3.L .11 

0^ is*'j-?- LflaVti ! Lfj Uj'v.U -Uoo^jll Ljlj^. jLlkVI .-■ -v" Sc-^ojII 3fj i 1 

CuG IjAaj jLiJI JXtu Lta J3| I < <->j < Jil J>. Jl lj< ■'■! ■<. j] (jj^ Lo jLt 

Lui: jLilf J JjiJ.) ^jUJ) JiAJI U; .All J| Sjlj-JI La.jj 

.<3-3)^1 J .5-* L»S "Loa-a. (jtLiiil J| 

A: 

12 
P = 10 atm. 

10 
t = 25 "C 

8 
5 
5 

6 

4 

S X 

\ r 

? 
aPUUil 

\V P = atm. 

V 
^p= i atm. 

t 15 'C ~ 

0 t = ■119 °C 

0 5 10 15 20 25 30 

catjlUU J^JI^t 

, ^jlpLLjVlj iJLojxijjjV I CULJajJI (jjj "Ijjlia: (3 - 3) J^JJU 

{22.4 litres) jijjj L^-a. ■>. J-'-^j tbj> < "s" ^USiH ^jlj ^il n"*_' ^ * ''* ° 

La-a-3. J« Itij <jlj I ' B" iiailll Jl Sjl_^:JI <a.jj Culj Ijiaj < (0 C) jjcj (1 aim.) U«io Cw 

.(0 C) (gi i 1^ infl'i Sjl^vil <a.jj jitj < (0.5 atm.) U» ci^n (44.8 litres) ftjai 

J| <)—SjJo J "a" *'—laSAJI 1 ._|5 mULjI I JXoa -_t.l_l—^ II yja(^_aJI ^gjjl JJ—eZI (j| L_ii| 

"Ua-jj io.j( (0.5 atm.) .Ui o..-vi (33.6 litres) —a t,a.a.a, Jjutio oLJi < "c" iLajijll 

.(-66°C Jl 

i "c" <Utt'itl jjc. (44.8 litres)«u^s». j > ■ ^■ ^"i■>. ellj jjui Jl 11«"tl. jLii i u 1 jjj 

jLiJI jxaj J JjjJll J—uJI ■ (0.32 atm.) < ("101 C)JI Li ^3 Cjl^a. 5-a.ja 

JJ all) Jjj i—U Jj. uall _>j5>I i ' ab J'— 'I I (jll <^LuJ.I -Ujjsjj i SjIj^JI du Lj JAoj 
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6—0 *—ail Sjlj_aJI jjl Jjj Lw ! "ac" ^'irt U I Ct.tj <£-<u 1 ^jSLmLLjV) 

iSLLJI Lai 4 J< in p IjV bLLJI »jllj jLill x»j ajIj .-JI "La-jj cuIj t' i'H L■ 11 L ..jTI 

• jUJI jjjjj jy yi iU . j^IuIjLjVI Jiuil! c<£jUI 

-ijjIjJ-) < f | ol ijit 11 a in t( 

The Zeroth law of Thermodynamics 

u'jj' ^ uLjitlaj idti* (jti I jln <j( ijjjUJI ^^'-1 

. L|^XJ (^Ijjl iJU. JjUji. jj-jUilll jjjjj, jjU , ihj jkUii £4^1^ 

jkUoi Ljjjl Ij| kiUiSj . "C" JJ, jjljil ilL:» yi "A" jkLUi IjjJ JjlS IjLi 

'^'-a- Lr° B 1 J 'A' tjj-aUaiJ' uJ-S ' "C" LAi'l (jljjl iJLa. ^ , "B" 

: (4-3) i^tlJI Jiiill (iUj JttCLUJ . L^AxJI I nj.intj ^jlj*. 

c 

A 

ob5' (jl^ 
uJj* 

. : (4 - 3) J<bi 

Jlilil JjjJo jjc dJj iyLiila ^jjkUlSlI ajl^ja. ia-jj Jj, . tfJ|^Jl ^[jjVLi 

. Sjlja. ia.jj , (Sjlja. J2VI |iLhal( Sjl^a. ^SVl ^ SjljiJI 

ajjIjJ'I ol ijit.U JjVJ 

: u' cA lXJVI aplill (JAL 

Ji'}}-* U* ^ c£*i ' Cr^ ^ jiAJ) wiXax^w ^ V UUoih 

• s^j 

JJj ^ y-i cut oLSLUI JS o ? liA 

.Vj>. taLlal ^ (^SJI ^ . tLt ^1 UiL Ji; JiLSjIj u^dl 

: iilUlpLL^Ujl.jl^l IS^lijii) JjVI ^Ull 

' J161 6^; ^ 6^b' 6^ 
liA j>^(> AV'j-^Sl .(^.1849-1840) Ulj^i ^1 CJajJI vjUJLL] 

^ ^' i2UJI ^ S^[J ^ 6^ tu JiAllj Sjl^l 61 c^l ^ . ^LSJI 

. V tilUi ob b ■A.UI ^ii <siy[ Jip^ 
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cJWi J— 

^L^j < el_« <U olxjjjj <-uy-eJuo SjljJ ^L^-C, SjljV Ja^Lt J^^jUlII J» mJI ^ILtuLa 

j.JaJI i ill i_!jLa-ll I a jjl <c,_yttr».<i (j-ij • olll 4jl^a. 4-a.jJ |j-4 4jjLaJI SjL/jlJ (_juL2j > ^aJibJI ^jIj -. H jjjjLii 

. 4 ixt I (j-a <tj~i-.,n CiLia^j •) atl-wi Lj)j_jl aJ_ji,K 

jj-# j-iVI Jaxi^J liO^Va (jlj i (jjj I j .I.ui'l < \ a^II uUa J Ji-uJf (jl J-a.j jJiJj 

: 4JU3I ^Ull JiU. 

. 1 cal = 4.1840 J 

'Sjjii (^i Sjja-o {y> J^vli Lf^SJj ' jkde. (j-a Vj V iSLLlI j!i Cujj Jjjll u-ijL=klilj 

jJjj oSi I n-»i (ji (-Uji i A a Cj! j| jJi 11..1I10H (^4 Ui i^» u* <2LlaJI ^yt- jjJ# Jjj Joe. : 

jji dJj C«jjJ-a.[ Lflj ^ J fl -.11 [jStj . OJ-i-i jii i-Jjill ^ cJjj yil) ?jUall (ji 

*1 i.u.tj o^lll (jtjjj (jt gjjj ^jjJI i*ltl ij-a ui^* ' -lay* ■ Alt I/U-UI lly 5j(_>aJI <l_i aZ 

I <1UJ1 ftAA (jj) I_4_5UI ,lajt.i^i u* (Jjjjil (J*. Jjl jljio ^jLuU *11 (jjj JJX j-fj 

• (jl| lU3^ JiaSill u( 

; iJLill Lj l^alLaJl JjVI (jc. j4A*lll jjiaJJ 

AE = q - w  (29) 

ol 

, ^Ltalil <jl-^lj-ll UUJ\ jji jjjilll jliii-a : AE 

. ^lioill 3 L, i. Ijj i'iII j( a. -11 4-l<A : q 

, ^Uaill ■doxuljJ jl (jic. Jjjjl) (Ji i all ! W 

. Internal Energy : "E" aiLbJf 

I j_^4 O^jLaJI iSUJI ^ljj| jAaiu • ilj(j "La-i J (jjSj jvlki iiliUI 5JLLJI 

fcxaaJ olilio . oI^jVIj CjljiJI J^j^iljjlljujjU3JI olilU : 

. I-:.^I: i^Ua. ^ Vj 4^ ysL f Iki "E" UiWI ttUJI J^illj . jwLUill din pl>5 

olj-iilttj Q^Lc-UjI) <U-a.L»ll <-Ja.lJI ilLkll ^ olj-fioll IjjiIjJJ JoSi iijl^^l ISj^Ludllj 

i11I. aj 4j<tl oIjjjuJI jl o^LiSlI uj-i ' ■>* u^} u^b ■ V-b^AJI 

^ ^JAAJ yJI Ua : (LaJliJI Jljll obSj-a •Gc. goij) oljjll Sjbilj i iajlj^ 

, jljil "ISUa (jc. ■ ahA." IuLLIj <SIJq l^i «Lajtill db^l) 5jla.(jll 43IUI 

C^-aLi uiaJA da iJi tiAi ' "^" 

J^ajlL iAljijVI ytaJI jkUilU iJildll 45LU( I jl f iut^jllj IJAIjIjVI (jjllLaJI <iiva 

; yJlll] J&Lill] <jduillL i (E2j ^»_>lb ipbill "ULsiJI < ^Ejl 
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 >1 ULtUiH      

state (1)   > state (2) 
Ur* ■! 'It- » ti, fc.2 

AE = E2-Ei  (30) 

' di'^-ilfiI lj| j) ' vJiiu Jj; jl >Lijju oJiIj IjI a.'v.e ?j| ^illa j '*"lj 

yLJI ^ LJiwIaJI JLSLUI ^Li , L^jLiij j| ^j_»JI ^ iiUJI jik ^) U" ,,.■ ^ <i| 

jl Sj!_>=». jSLi> (jjJt 3JLAil islkJIj, <ajljLVI ilLJI ^ iJiljll 3iLyI « ^1 ..n jjV 5_ul^ill 

: iJllJI 3«jinlL Ifit jixjy . JajuJI 

E2=E1+(q-w)  (31) 

•"• E2 -Ej = AE = q - w  (32) 

E] (jl (jl (j^j .<jjl^ail KjoUjoII iJ^Vl (jjjliU ^t( LLll^II Sfl.l ,..ll Jiojj 

• <JI—^ (j^ jjLiujI^p. tjl'u.^mUja (jb-wS Ejj 

;(2)<iLJI ^Jl (1) ilLJf Jjijll 'iSluu (^jll (jLJ.1) (jl^ Ufa Jjjili V AE (j'lj 

^LkiJI Lfj iSj^l ylt 4 ^Ikili <JU>, ^ Jaii AAIJU (/J 5_iU.I-JI LSUJI ^1 

. tiu 3JIj (E) UL\J\55iyi dJilj ; 3iLJ\ M 

Function of state ! iltil aJU 

-i*j iuLfiJI JULiJIj , Jj5 iltaJI JeJii JuojjU Luedl ji < ■ —I ~ II --Ih ^ 

• JfUll <bLk (ja jVi (^jjl jLulf jl (jc. jJajil jjojj ( jiilJI 

."H" IJilJI ?5Lyi 

51lj» V (jfi yJLilLy < jAili jjiS Si (jli "w'j "q" ciLalll Ul 

?3LaJI yJt siAJAj r jxdJI LfljU. (ja jG oljJoaJlj jLuil >. ■•> , «yLa, 

. JoSi iuLfl3|j 

. "w" J3iaf "q" Sj^l 

h^i j' {+) SjUil LI« <-A4j aL^lj Ljj l^J oU^ ^ w j q .-.I^XH 

, (—^ <JU 

• j^1 < f LUI ^ J\ LoiaJK Sjf^l ^ "q" 

<a kpil Ja^l ,> Sjl^a. Lpalaj |xlkll( (jl dlj Jxii ( (+ q) "q" oiL I jli 

. (5JM LJ^U) 
cu^y. Cjl^ .> aii as (jl ^ JJj . {- q) lJU "q" 121 y 

• JjE=) tij-JJ JcujyJI Jl 
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, jvltill Vjiio J«tTiK I jlfl . ^LlilJ! jjJc jl <Jaijiljjj Ji miII L^j'U "w" LjjJuj 

4jLm!iI 3 A'g "w" jjlj ' (jJfc VjXxa Ji All (jLS lij Ul < (+ w) 3 _'•>>-« SjLiiil j^Aj "w" jjli 

. (- w) 5JUu 

JjjUj I ft { Ul jjj <ill i I_i-^jj / LfjIjrJl l^o-a!j_ijIt i h'lIL (jl"i«^ o ^jjIoIaVI (jljJliJIj 

jji iSLUI (jii I I jj-i ^.1 (jlj 1 LfbU. ^plll •uLo_*il 

d . .11 Sjl^sJ) ^gjLuaA (j^ JjV Ji Mill tjj-i ' CjjL J.I « ill JLaJI 

, j'■ — — AE jjLi ,<JUJI ijj) t LaLoj 

: (jl Ja»i i lf>tal'njll a,VI ;'i 

AE = q - w  (33) • 

0 - q - w  (34) 

.-. q = w  (35) 

'. ^-j -"H 3.IA ( til 3al Ull Cj'^SV} i (jALia^ iJc,Lij iij^v (jl <j| iJ>4JI [jiaa < 

Ji—iiy « "q" SxcLwiJLo Sjl^a. (jic. j j Ul <5lli'il I OLLJI (jLi« "E|" ijSl "Ej" i~.-».j .<->1 

• "w" Jjjy 

(q - La+lu (jl » JiJJIj SjljaJJ Uj".'." "'^ uA'^l! ijjj <S^Ia jiLl_4 Ci.-ii-jlj 

jl "q" tf'l 3 o' o^dJ • iSLkll ^ j ji^ll LjUdiJi jj * >11 w) 

. ji.^U ijjl.... L^JSjl "w" 

: JiiiJI 3.AIvsII (iljiiiJI 3JLa. ^ 3ajLUJI itjUJ.! <JIJS 

AE = dq ~ dw  (36) 

iilkJI o)j-iJuULi dq"dwa JLuJLujI jIc. jLlIcVI ^ aii.! <^4_« lii.-v." <j'l jji 

ujLuS. (jjj I iuljlaV) (jillLJI ^jJc. VI J_al»j V < f ln» i All ^ Ciljjiilll j!" ' E "Uii-ljll 

: 3;..^.11. I,]L»Kj Jjjhj < 3*1111 ^ ciLi*3»tjjJI jji • 'dJilll cjIJUA.I1 

eJ'=E2-E, =AE  (37) 

Jj (3^1^ AuIjIjI ijjljljl Uji "w" jl "q" o* (/\ Jial V « LaLi 

, jaAIII Ifj jjlJl 35j_>ktl ULlajS j*1*1j , oVU. ijujIj oUIaa ^ 0'4>*i 

^ 3ULu^ ylSj w2 ,w, jlqj , q, J14J! ^ dw jl dq ,> V , 

. "w" ji "q" J<LUI 
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- — ■■■ » ■ ■■■   . » » ■ ■■■■ 11 ■ — 

vv< q jLolf ( 

ilLiJ) ijjIdJI <1 LsaJI ^ya jkUkill <JLv jt\ >"i l^J W J q JS * HJ S .U"t«" 

jkj "Lij^kJI jjc jliUI (jAiu i "AE" ^Luu Luti Ijfjio (q - w) I ^gui (jjill ^"','1' ^ 

^j-»4u i (JtLaliJ) jjAjll 4J3La. ^ya ^jjll i JLOJIJ ^Ju^ioi[ [jic, W _} q £yi jLejle.! ■ ■^"jj 

; Jtil(J(ill 

; jmi 

yuil (jjSuj c aj.-^ -> t_itS..)ii jji ioj ^.l.*.<1 Jii (jj "A" Lil^uVI <JLJI (5-3) ^ 

JUliVlj i qijLU.1 <_kin ill u^is1 (i'-J-*) 6jjjJc i JiaAll ^ "B" Lut^jJI 

: LaJ^J I Jjj'iftft-v n (jilijjla J^Li. ^ "B" yiaJI "A" iJLaJI 

I ^V( 

I l^k. Uajfl i II J-»B4,<uj J5SJI Ji-L^l i^.i_l-> < Ujiil ' jii ■) fji (Jiil I <J ^1*11 .iiX-J I I A jjb 

ii-olili J-j-AjJi AjUo j_i«Til jjSlj [ ijiii jj <l5j_>iJI Ai/b , "B" yisJI Ja^uj 

J-lc-j < tyaj^\ jaj L^J jjjii i ULti yJI tjj "j > ^UCjV) I JJt jle. JiiJI ^ 

Ajf^e* 4-3.jJ ? "ijA yJc. i ijjly*. iSLU ^Jl oUJI AOJt i_|J-v 1"! jjijVI ^rJrvijji 

. ^laiekuaVI L*ale lUeojVl 

: uJtJI joalt UJJJOJI AOA jjjj CJISJI OI 

w = 0 j q = - ve j AE = q- w 

: AjJLjJI 

SjSu jjJc JSjJI (laa. iLi-O jiLcol) lUj Uj-t i (JiiJI ixjjj iSjjiiil A OA 

, <Li_jiJ( i_iaji,V( JSjII j-ijj i iijjJi li^oj (jjek f oLjj 

jkLUJI Uo-Si jjlll <iLLs U( 4 owjijSj j( oiij jJ jiLklll i jiJ I aoa 

A_^a_aJ) , .ta m jA-VI JiaJI j-ij J—iiil <JJb Ji—ii 'Cl,jjt ^Jc ilij j ll jii jjJLj 

. (jvUilll (JjiiiA tI*A) 

: (jplt Jii^lalJ A jjb CjlaJI diljxiaJI ^c. 

w = + ve , q = 0 , AE = q - w 

f I, iil-kj Lafjjj f ^ Ci&tLLl oi W J q laaj yli , J jJi LaSj 

^ (J "ULJIj quIoLVI yuil JL LJt <^2 - Ei j ijjiJI (^LuU "AE" 

.^xLijlall 
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CJUJI J-jJl 

a^iiuVi yui "~J 

(A) Q 

i.iifUi iibJi 

(B) A A 

w=o 
q = -ve 
AE = q-W = x 

n 

W --ve 
q=:0 
E = q - W = x 

« ilUJI J\ liilAVI <JUJI ,> fl^]l jvxl; (5-3) 

. w < q ,> JS yic. dla jAjj 

= (^) 

^jLL iai-A OA (JtSAVIj (jjill f-^) S-U)"0 yi jit JAAi LoA 

L_.^tl i^i ^ (400 J) UjaS 5j(^ oAw <jli < (10 liters) (5 liters) ,> (latm) ojji 

, LLLOJI ftifJ "AE" ojouvI 

P = 1 atm V, = 5 litres 

q = 400 J 

V2 = 10 litres 

AE = ? 

AE = q - w 

: "vv" <_il■■■■> ^tl lijli i "AE uiLuj^Jj 

w=p(v2-v,) 

W= 1 (10-5) 

W -5 L.atm . 
1.987 Cal 

W = 5 L.atm. x 
0.0821 L.atm. 

W= 121.01 cal 

W= 121.01 x 4.184 J 

W = 506.31 J 

AE = q - w 

AE = 400.00 - 506.31 

AE= 106.31 J 
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 AjjlJ^\ ■ ■■ I ■ ■ .1 ■■■. ■■■ ■   ■■ ■ . ■ ■■ ■ 

: ^qv) fo-sw*. ojx JxUiJf 

Heat of reaction at Const.Volumc 

f jf?L, ~.llj Ui i<^[l '"-Ij ■ *' jjjl I i til i ^jll ^jjJf j-o ' W Jjj-ill (JjLiJ ( ' 1 O^LaJI ^ya j jjj6 

•ul^ 

dw = pAv   (38) 

' o| LS^ ' p '•II u* j J• itilLld <Li| (jl i culi Jjc. Jc.Li-lll I S I jl i 

Vi = v2 = V 

AV = V2-V1=:0 utc^L" 

pAV = 0   (39) 

: 6,^ ' liulUlU JjVl {yiy 

dE = dq - pAV  (40) 

r (jli < <ajIuJI HjIaII ^ ( pAV = 0) <ju2 ^c. 

AE = q-0  (41) 

••■AE = qv  (42) 

l^>rvli<TjV) Culi jlc, ^ jjjlJI CL>lc-Ujil u'llL <iU I iilLaJI ?]jUII 

, Jaii (fSjIjA. Jfij iijJb >_>4Joj ^Lblll ijJiUI my I ^ jjU 

(j-0 < ^UolU liLUI o^aiij i jvn-^tl Ojjj Ac, yjLwXIJ J<-l «~tl >. i (jji 

* AJtLalft Sjlji, JlA jjie jft: JSikUl 35Lyi [jjil r "E, " 

Cf* E2 '"■-■.'■"I I (Jfl <jkUallI iiLU I Cjjljj < ^>^-.11 Ct>A At (jjL-AjSlI Jr. LAI I iiAa. |j| Ui 

JcLA) ^.tklJI y^l tj-a i "Inn j^t 4jLj>c SAIjII i-SUall jLfl , "E, " 

Heat Content (Enthalpy) ; "H" 

<JLiLkJ LjjLuj_o jjjlj ^LlAJ] ^gj.l.aJ.) jLi , culi f-y "* At ^^lll ol ,jln <11 ilLa. ^ 

. PV — 0 (jji aifl Jjua Jixi V A| , "E" 3.IA I ill 

UJ^4 Ijj |>-U ijjJI c&ltlijll Ji-a) culj In* iA At ^A yllf oLkiaaJI 3JL^ ^ Lai 

JAj f Uklll (jli , 3kLila jl iAlij CiljLt ^Jt JaLAj < (culi ki-A ^ JoAAJI 3^.^ 

■ (PV) Jj-ii AjJ Jjic Sitla 



     

In'ill ^SUall Jjilil — JoiuAll OJ-JJ — ^.LialU yKJI 1 I 

iJlil iiOJI IjSuy . "PV" JiLi Ujji ^ iJjjJL) UlLII ^J) UUbVU . "E" 

'H" _^a^lL I4] • (jjilijVI jl jt 1 U'lII ^_jl_jaJI L <1 n'CI I 6 j-4 i (E + PV) 

H = E + PV  (43) 

'LjjIxuVI <JLxll (^ic. Jaii j.n".* -1 Ail iu-^ '. <JLa. 5Jlj j-i".iu i "E" LaLaj 4£Li> 

I ^JJIall <J^La. jkJ {£^11 ^)LuJ.! ^yC. 11 A « 1 ( 3 .'.I j'.ll ilUJ |j 

! |(jpj CuLj aJ_c: J r 1 liltt Sj)_>-»- 

Heat of reaction at Constant.Pressure 

1 ?Jlj ^.l.vAl ml ujjjljil (j-o <jjj 1 CuIj tri« ij\ jic. <1110. 

; LxALJ L^ic 

H = E + PV  (44) 

: (jU i •UJIAJ.I aigJ LUAIAIII 

dH = dE + d(PV)  (45) 
dH = dE + PdV + VdP  (46) 

AH = AE + PAV + VAP  (47) 

*. JjVI i> <—AE = q-PAV 

AH = q - PAV + PAV + VAP  (48) 

.•. AH = q + VAP  (49) 

AP = 0 (jli < Joi^Atl C(_j-u jitj 

AH = q + 0  (50) 

AH = qp  (51) 

iJJ" ~ 11 j .«~ M ojIJ in* < A Cia«I Li d-j U f. < 'i« lit I jl ^ aJ.1 (j| 451 

: ljL US JJLJI jOlSJI ^-i-aAj tjSiJ 

,"E" ULLljlI «IU! (_)^kill] UuLlU iiiUllI 1 j*tJLA (j-® — 1 

. "H" 45j!Iadi (ji (j^Sil) LuiLii xiitalll Sjl^aJI (jjSj < lift* I All Cull _>« nm ^yi — 2 

: CAJIJ u CjuLJ A t f. 5^1 ^yu iiiUtJI 

< /.i j'ill <11 La. yij J UuldluVI aljiaJ, UjjI <j| (joj-U 

: UIUII yjL*uall LBola i 

- 108- 



Nadher Alshamary

—— <jjlISL.bjJl i 

Reactants — .> Products  (52) 

(iuljJjVf 5JUJ!) ilcliia jJj-o jfjJ (iial^lJI 

H, =6, + ?,¥[ H2=E2 + P2V2 

; 3JbJI iiitJlj <ifi. (jjjuJI) JnUlll Ij^J yjJlijift ^ joioJI (jLi 

AH=:H2-H1   (53) 

AH = (E2 +P2V2) - (El +P1V!)   (54) 

: oji < <]lj "H" t P = P2 = P, ^ 

AH = E2 + PV2-E1-PV,   (55) 

: (jic J-uarxj lijli < iajLoJI iljlxtl >.■>'j" ojlcLj 

AH = (E2-E1) + P(V2-VI)   (56) 

AH = AE + PAV   (57) 

qp=AH . qv=AE -ol^ 

■uti 

qp = qv+PAV   (58) 

jjl jLil/tU) CjljLxit LoLJI yjbdl (jj 1 Ul (jSjsJ <iLi < (j-lfi J >~i m" jjlll olj In nil <JLs. 

: (LJda l<jl-.. .'II.... jUJI 

PV = n RT   (59) 

, (3ijlj gjofi I (jjii Lftlu i CJ!AJ^JI JIJC,I jsil jLiJl * ^ 11 ul^j) 

PAV = AnRT   (60) 

AH = AE + PAV   (61) 

: uli 

AH = AE +AngRT   (62) 

(jjSj {jl Jaj-liu I CI>U.LjLIH oLjj^a. jlj_C.|j oLjjys. jljJil (jjj Jlaj "Arig " iu-a, 

. "LjliJI ^JLaJI jji art 

: (5) Jli • 

: (25°C) Jit ^ ^Allj . ^Ld) Jtliill (ae) ^^1 

^ + (-)2(g) ^ 2 C02(g) 

. (R = 1.987 1. atm / 0K. raol.) AH = - 135.272 cal : ilk 
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T = 25+ 273 = 298 0K , AH = - 135.272 , R= 1.987 

: iJllil StSiWI jjji jjAjjaIILj 

Ang =2-3 = -1 

AH = AE + AngRT 

AE = AH - An gRT 

AE = - 135.272-(-1) (1.987) (298) 

AE = - 135.272 + 590.040 

AE = 454.768 cal. 

■■ (6) 

: JtsJI JcUSI AH 

C(s) + 2 H2(g) ^ CH4(e) 

JtLilJI jjl (511.24 cal.) ?*!» 11LI Jjl nIf, Ijl cutj .1 if, 

. (R = 1.987 I. atm /°K. mol.) Lk . (250C) 

T = 25 + 273 +298 0K , AE = - 511.24cal , R= 1.987 

An = 1 - 2 = -1 

: ta>L<JI jj^yuILu 

AH = AE + An g RT 

AH = - 511.24 + (-1) (1.987) (298) 

AH = -511.24-590.040 

AH = - 1101.280 ca!. 

= (7) 

pU.1 f»m Cy> x=>-lj y-o!_^a. jjc. I 4_i 

. (9720 cal) ^ (jlia J\ ^U( 4JUI 

; jju Lolc < jfV-Lll Cj^JJ jit j-iilJI lillj lj| JjiilI 1_U4*=»I 

. R= 1.987 

: UliJI UJUK JUJJJ < u^l (Jituj ^ya PUI ^5+ 



Nadher Alshamary

<>jl 

1120(1) ... H20(g) 

.'. An = 1 -0=1 

: jjU <iJcj < (100 C) ^ pill LAajt ^1 Sjl^pJI 

T = 100 + 273 == 373 °K 

AH ~ jajLuall jjt ■UiUllI Sjljjl j 

AH = 9720 Cal. 

AH = AE+ Ang RT : 5551*11 ^ 

AE = AH - Ang RT 

AE = 9720.00 - (-1) (1.987) (373) 

AE = 9720.00-738.54 

AE = 8981.46 cal. 

: (8) Jlfc   

l^j) lL^jj « (25 O) ale. cut jv> •v, ale. (jl lull jL*J j'jl—^.Vl Sjlj a. .S 

. (-211.613 cal) 

R = 1.987 cal / mol. 0K JL Uk , ,>11111 Ij^l AH iUS   1 

• ! J 1 ^ 

: (Lk O'V1 

>CH4(g) + 2 02(g) > C02(g) + 2 H20(i) 

An = 1 - 3 = -2 

AE = -211.613 cal. T = 25 + 273 = 298 0K 

AH = AE +Ang RT 

AH =-211.613 + (-2) (1.987) (298) 

AH =-211.613 - 1184,252 

AH = - 1395.865 cal. 
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iJbJi 

4 oLc. JJLui_4g d.l.t.ittl 

t <".i n ft I Lj 5 5-1 J I l5x_iti liij I -1 lr ji^Ju La — 1 

? Jc-lilll ijjLSllj Lo — 2 

: La-O us^c. — 3 

. jxUjJI * 

, ciLLpJ.) ♦ 

. jvliiil I ^ l^j I (jC AJ , A. r. 01) Iin 1- |7% I — 4 

: ijjc. — 5 

. "UjySjjjjijSal,! 41 

? «11 Jjx. 01 >1 ft«l IJ 5 », I I,i5v < 11 C) 1 ll«*j Li I La — 6 

; yjSj Loa i-ijc. — 7 

. 5^14*11 * 

> 5j5lpLLjjVl "UiajJI + 

. Uaxll * 

. Sal; H ^iaxll 4 

, L^Jl5L4i| ijc. jslKj ^5 1 SaLUII 1—ijt — 8 

■ Ir^^b VJV11> _ ^ 

, culj .U< IA jit JjoJ.! JiulJI JaLilml (jiaj I-LS -10 

. ISaaLjjjJJ ,'j »j 111 I i_yaj —1 1 

1 tjj-aLiaJ ljjj jjljjVL La —12 

^ ^Uai fjg^ <ila.)jll <iLlo]( La—13 

9 <^-±hiLth oLiaS Sjl^sJIj Ji-iUI jjl La —1 4 
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»■   ijjljl~\ , ■, — - . . - -- , 

. yui yu lXjc -is 

, i..ujnfI jSj j_4 < V ji.j <JUv w j q ciulS L# Ijl — 3.j-.ilL — ~ —16 

. AE = qv !<]■"i>j5 ^twltul (j^oj i-SjS S culi jle. Jclijil Sj!j^>. L —17 

i AH — q p ^l"uti.ilI (jiaj ^ Culi Jr>juA die jJtlillJ (j —1 8 

• (qv ' ^p) dicj Culj ^•>-->■ die. Sjl^^l (jJJ-oi QU gllluil — 19 

^ U - 20 

(10 4jl-l—2—a OjLj in* I rt diA jlc, dial; Ldlc. « JjdJ.1 JiAjl u.u^a.1 — 21 

. (2 litres) ^1 (I litre) (> atm.) 

-Ui-jl Jj-c. j2u>H jkJdt) yi jli dd-oli Ldlft - 22 

o_a (400 J) Ujj^s ^eLi-aj oU. (10 litres) Jl (5 litres) ^ (10 atm.) sjd-5 cwli 

, <ilaxJI ftd^j AE ' 11 .J ■. I i U. 11 U . i.^l I 

Lfll d-^jj < 25 C die. <Liill j«, niff cwIj die. yll—ill jlil jlj' -*^1 Sjlj a. •-•■■■ '»— 23 

. (-211.613 cal) 

(R = 1.987 L. aim / "K. mol). : JL* Lit, Jtliill Ijfl AE i^i5 ~i ■ 
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 AjjlJ^\ ■ ■■ I ■ ■ .1 ■■■. ■■■ ■   ■■ ■ . ■ ■■ ■ 

: ^qv) fo-sw*. ojx JxUiJf 

Heat of reaction at Const.Volumc 

f jf?L, ~.llj Ui i<^[l '"-Ij ■ *' jjjl I i til i ^jll ^jjJf j-o ' W Jjj-ill (JjLiJ ( ' 1 O^LaJI ^ya j jjj6 

•ul^ 

dw = pAv   (38) 

' o| LS^ ' p '•II u* j J• itilLld <Li| (jl i culi Jjc. Jc.Li-lll I S I jl i 

Vi = v2 = V 

AV = V2-V1=:0 utc^L" 

pAV = 0   (39) 

: 6,^ ' liulUlU JjVl {yiy 

dE = dq - pAV  (40) 

r (jli < <ajIuJI HjIaII ^ ( pAV = 0) <ju2 ^c. 

AE = q-0  (41) 

••■AE = qv  (42) 

l^>rvli<TjV) Culi jlc, ^ jjjlJI CL>lc-Ujil u'llL <iU I iilLaJI ?]jUII 

, Jaii (fSjIjA. Jfij iijJb >_>4Joj ^Lblll ijJiUI my I ^ jjU 

(j-0 < ^UolU liLUI o^aiij i jvn-^tl Ojjj Ac, yjLwXIJ J<-l «~tl >. i (jji 

* AJtLalft Sjlji, JlA jjie jft: JSikUl 35Lyi [jjil r "E, " 

Cf* E2 '"■-■.'■"I I (Jfl <jkUallI iiLU I Cjjljj < ^>^-.11 Ct>A At (jjL-AjSlI Jr. LAI I iiAa. |j| Ui 

JcLA) ^.tklJI y^l tj-a i "Inn j^t 4jLj>c SAIjII i-SUall jLfl , "E, " 

Heat Content (Enthalpy) ; "H" 

<JLiLkJ LjjLuj_o jjjlj ^LlAJ] ^gj.l.aJ.) jLi , culi f-y "* At ^^lll ol ,jln <11 ilLa. ^ 

. PV — 0 (jji aifl Jjua Jixi V A| , "E" 3.IA I ill 

UJ^4 Ijj |>-U ijjJI c&ltlijll Ji-a) culj In* iA At ^A yllf oLkiaaJI 3JL^ ^ Lai 

JAj f Uklll (jli , 3kLila jl iAlij CiljLt ^Jt JaLAj < (culi ki-A ^ JoAAJI 3^.^ 

■ (PV) Jj-ii AjJ Jjic Sitla 
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^0 ^ 

.^uxii JpUOJ V-UII Sji >1 + 

.SiU ijl/•! uji ^ 

.^>1^1 4 

wll 4 a 111. U 0^LJ 4Ai ^ 

. a—-LA!I oJ^lail ^ 

. JAcll ^ 

; J^UJI oljly- ^1 ^ 

■Lri^'SjIy ^ 

■ «j!J?- iiJ 

. JiLcJI Sjl?!f 

.^jLj jj! Sjijp* ^ 

: oljlji-l fjj->A fAy] ^ 

.ijjlp Llilji Sjl_p- 

•VUl Sj' ^ 



a5U» 

.S^-»jty ♦ 

. Sjly>- 4iC- 

. SjlifJ 

Sj|^>- 

: J^UJI 5^ > ^ ^1 >I^Ji #. 

. JpLcdl UJLP ^1 O_J^laJl «- 

.SipUdl 

.2^UMj SIPIHI il^JJ ^ ^ 

.it^j^AJ 2-*jilt «jlj^~\ -:{j 

Sjt^- Sjt_ijA-l 2^-ji jjb ^ 

.ij>1 pU-SJI OilljS 4. 
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4-wj\yM 

< L/n"i ^,11 ji (^'iii\i,i^ <iimi (jjjuu u js: -Uuijjj p LajSJi 

uj.-i.Lipaj yJI I 5jj(^-J( olj-ii-'ill ^Jc, c- i jij'slLi '. yjtjjjii Jl yuL»_iS ^lij ji Jttij 

' La^j ijjitjj ^pJ| > Lfl "U^U^ll hjIj^JI CiljAttll Uula i <j'.Lrt><ll .-.^i/-1 a'll ».. .■a'i'jj 

. (Exothermic reactions); Sjl^U SjjUa - i 

• (>o <La^ (iiiUjj|^ Jilkil yJI lijtfitiUI (Jt 

UaU I [NH3j jjLi^JI JlA oijiU (N2j jUj |H2j jtc jUjI ; L^iLaS ^ 

: UjUJI 

N2(g) + 3 H2te) 2 NH3(g) + Q  (1) 

, (Endothermic reactions) : Sjl^il iLdU O^lc-Ui - i_i 

■ kkiijJI jj-a) SjljaJI 'UaS (j-aLc»lol 1,-klioj ^jJI tjlj ^Aj 

: 'ihjkjh ' '■*■ ^ UiJ^l (^2) (^2) jlfi- jtaJl I Lpixal ^jxj 

5jj-3 N2(g) + 2 02(g) + Q —^ 2 NO2{g)   (2) 

} o^lj Al OJu».J 

. (Calorie) yuJ\ ^ ^LjkJI pU^SII y JL^-V) WLiJI ijl^l 

,>5 eUl tjps Xa.lj j LajiUi SjIjjJI Li ijLt 

. 15CC ^ Sjij , 15.50C Jl 14.5'C 

•ULi - jjl Jifcu ^jjiLjuSJI jVI <laJ."i.u) Lai 

. (4.184/0^6)^1^ 

1 cal = 4.184 Joule . 

tyjLj.q.t ill J^l a LU 4ii-v( inll 

ol.^Ltwdl .jklJ f+Ju cjlku yL-^i JuLa Jir.1 I^ll Sjl<-i_e-S ^uUi Jjl 

^ SxlJIj , luylJI SjljaJI : Ju , oL^LiiK citiu^jullj 

: Specific Heat ("c) SjUU Sjl^aJl 

' Sj^' c> SJ'^ CajiUf Sjlj^JI huiZ l^iLj SdU SjljjJ) 

■ Saa.lj ij^la jldiaj 
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: Specific Heat of Water frUll Sjljali 

LfAJ' i>« 3-a.jj ^i_>I ?_oj^]| SJIjaII <-X«< ^ 

. (4.184 Joule . gm'C) ji I Cal. gnfc U^ljio IlC 

: Heat Capacity SjU ^IjaSI SjuJi 

JSI JJ-LU L.I . SJ^kIJ ij^la Sjlil HJS ta-jj -Loj^UI Sjl^sJI 4-utt£ ^ 

. (J / C) <a.jj JU Jja. j] , (Cal / "C) 5jl>a. 5^.jj 

• ^ Sjlj-^llj Sail ?jjIj_2JI o-uJI (jjj dlli (jl iliLi.Jt .-■! ijj «"II ^ ».a-..j 

: Ullll ^IjUil i^-a, I Ajj lajin <2^Lxllj 

. Sjlil <tS x iit-jlll SjljaJI = tijjJI 

: Molar Heat Capacity (C) A^jJaJl AjjjlWJ1 

jM^UI i^a <ljj i (jljjVI j^Uul LJU. < .j'lj,-a j?\H .-.1 11 ...-vll --" 

• SaLdJ ,^^1 jjjll ui Sjl^Jl tjt SjLc uAj « iujjaJl 5jujJ1 JUaIUII 

J-a-lj (fja- ajl_pJI JL^oi LfiU OuuJl ui^JUj 

/ Lr* 4-yjj-dl <jjI^aJI <J-liiII Sj-a-jy . SUOJLII Sjl^aJI jl£. . Ca-jJ SaUl ^ 

; < CJ-QUJ <J_)l^yJI "UlaJI (jc. ^uxlil 1jS-aJ^ 

c-^r   

jli . l4l«y 

q = C dT  (4) 

•la-jj jjjJ « La SaL (ja "tK Sjl^a. ^UjjI jlf. "q" <i^laU Sjl_jiJI 3j-oS ujl ujt. 4ji«J 

: jjl jLlctj ZLUJI 4jLuJi itjliuj ^(aAJL.uIj I "t^ " ^ut^l Sj'ja 3^j^j i"t| " ■UJIJIJI Sj!^». 

q = C x m x (tj-ti)  (5) 

<J»S tiayAll 4jUI its ^tijji'l jivUU 

i a «11 SJUU Sjl^JI 

Lilklll jl <-juq_1_a1.1 ^juLaji 4jS-tt CMJJ ijitl jjwLtjiVl <ljLjtil 6X\} 

, Calorimeter' ^xudl ^xuL uj^li Ijr»imL < <uLkAj5JI 

; "Calorimeter" c?jb^^ ^ulaII 

Cf^tcLilU Lka.UzJ.I (ii*AlLI jl 3 ut"nil Sjljidl V-e^) lijl^yvll oljJ-il! I (jjjLil jj.ii i yl j 'V jJb 

. 2/,I ,>.<11 
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(J* 

■ ■ j±-\ PL^SJI   

■ L.\'k o*1'^ ^-Vr^Ao-UVJ 

Ltt ; (jujjdtl ujUajSII Jtlilll ^_jll Lajj <-oI.Ijk-L.u[ uyimi jXuill ' ' —'[J 

iLil ^.J-t "ii.nj ILjill jAxti-a jjl vlaj I jtiJij . Cwlj |>-y ..->. jit Jkjj ^.| CjjIj 1"» ■ ■i Jit Jr I ft"Ii Ijl 

• (3'j-^-•''' oLLt ebSl ^ 'uikiil 

JLu-*-4 ~ ('"4) - SJLX (Sjl^aJI Jj>-..nll u>5ly 

LJVI IkiA 

, JtUill <U (vij-i-M ^jll <j >4*J £i*v I pUJ J^a <JjS 

■>*■"^1 5-^.jJ {-iijj . ilcUill jljil ij* oUaS jjJ.vA-l .i.L JtLiill pIj^.1 |»jjj 

Cy ■ullaoil tlJiZ oLui^. jS^jj , yiLjuSJi Jtliull ^4 Sjl^aJI j^Uoil la-tiicUl jjj. «l'ljj"-. ^ 

. pllf ^lijI^JI LuuJJj SjljrJI 4a.jJ ^Lij JtUlJl 

iJ VXA irW 
i jui^yr 

Q 

\ 
C=I> 

vii>Xl 

^ »ui 

pU 

XujI 

(Bomb Calorimeter) urjl^l (I -4) Jli 

-. iLiill pUaJUnL iUx Jxli; 3«(KlM ajljJ.j ^Li 

'SjLa li1^-1) Jtlii ^ UlLill Sjlj^l vUu^,j ILja LJUI 2.j>. "tij 

:(ku 
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jl_i_i SL-oj j ■< i.»ll ^ ^ io>ij i I ^ alj"i ■•> I 5jl_>-^ (JuLaji jljil Sjlll ^LiS *< j ijjijj — 1 

< Jlf. cisj jji~v.'i.^Vl 
* 

.-lU n jv.W'l.iMjj , Lolj Vj^ Jjj-*-9 5j-«i j-« mil >0-*J " 2 

. "t| " "Cl-lX-U <LutJjjV I 6j(_yaJl VjulsulA oLII ^.jLi Jx-aJ (SlitTCr) 

.^5jUI |_>ulilLu) SjUJ jIjla.Vl ^vLfic ~ 3 

,> ttikUl Sjl^l -4 

. "t2" ^^l^JISjIj^l 

^ QLo 1 .It-wj j » I.I n It oi^lf Sjlj-aJI jJ-mllj pLU L->g»l-e-' —5 

: (Ctota]) 

Cw,Bi ^ ^-"l-t jO 4 ^-"Calorimcicr   

<.KI | OuJI pi fti] iijl^JLauJI j* i JAAII lyl^aJI 'Lu-JI 

.pLoll <_ic-^l!1 Sjl^jaJlj j.Ja'Lm.ll PLII "tljSk ^>4 UMJia'i / PIAD CijIjiJI 'UAUII 

Sjl^ja. u* Sjljjil I3j_)ia3l JAaJl I i>uJI C^^jg,. 

^ Ul ^(jfl LaJ^-luJ.1 SjljaJlj. <u^-LiJj| Sjl^- ^ljAlu.1 ^4 >*4441 

•LmiIaLI 5-)J<5l-tail >» <4-^ ^.IjaIauL j( < ^)*-uJ.( ^ "Lij^^x-a Sj(>a, li.cS <la ^Jiku JftLij 

. Cuajit'll »• 

^ SjLylt . (CtQlfl,) **-44ill (> (q) IS* ^ ~ 6 

: 4aIL11I <JjUJ,I jJjiklujL I |t2 " tij SjijaJl 

q = (Ct0[0,)(t2-t1)  0) 

:(l)Jls—. 

Sjl^JI ia-jj c^i^U , pUI ^ 1.2 Kgrn ^ (sS^i • cfj^ (5^' 

^ pUJI Sjl^=Jlj. 2.21 KJ / "C ^ 5jjI>V1I Uk « 25 C ^11 20 C >a 

. 4.18 J / gm0C 

. Jalij)! liA (j-o iCUUI SjljaJI JxoS t-t"ijvl 

pLJI «L»j!>41 iiujJf CJJ^Q = 5jl_>aJI x PU.1 <UJS 

= 4.18 X 1200 

= 5016J/'C 
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= 5,016 KJ/eC 

'Ua^' ^Calorimeier = ^ fC 

<iKII <^JI (Ctota)j = CHj0 .+ CCa|0riinet(;r 

C(ota, = 5.016 + 2.21 = 7.226 KJ / eC 

: 5SiL*J[ jjx "q" "liilalLI Sjf_pJ( "UaS i 111.un. i ^lllLj 

^ = ^total "^l) 

q = 7.226 (25 -20) 

q « 7.226 x 5 

q = 36.130 KJ. 

■■ (2)J^ 

(3 ufjj Ijli i^CgHjjOgJ jjSjjiaJI (jj o!UjU ^uLSl ^<<.u.a jvw 

< slil (1.5 kgm) (^jJIj i In* iA Otm j^Aa-uiSVU ejlalf j.« l.u.I I 5^) 

. (19 C) SJJIJJJVI SjIJAJI <a.jJ 

^a^uLI S_)l_y^ jjj SjLj JcUHJ , JLJL [jjA.aiAIU JtLillf UaJA.II ij ^Ls».l 

. (2.21 KJ / "C) ^ ^uJl iiuJI o'4 Laic , (25,50C) ^1 

(4.18 J jjJS pLoJJ "Ciftjjll Jn«.[_s J>o -^c 45IU>U 5j(_^nJI i_»u.>.I 

• / gm°C) 

Chjo= X fill itS 

= 4.18 x 1500 

CHjo = 6,270 KJ/0c 

^total — "L ^Calorimeter 

= 6,27 + 2.21 

Cfoin] = 8.48 KJ / °c 
a. = ^total " L]) 

= 8.48 (25.5- 19.0) 

= 8.48 x 6.5 

q = 55.12 KJ 

Si u,L^ (55.12 KJ) ^ I ^ (3 gin) (jt <SlU'iU Sjlj^J) <*-*£ 

j^Jc ■uL.i.a. . (180 gm) JjLxj U < (X) j^SjIaJ) J^-a jj_3. ^y. cilkUl Sjl^JI 
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3 gm  > 55.12 KJ 

180 gm > X KJ 

... x = ■180X
3
55 12 = 65 x 55.12 = 3307.20 KJ 

= 3,31 X lO"10 KJ 

. ^ ^ (3.31 x 10"m) ^ !> ^ 

jjljJ-l J-CLAU^ 

. jjLJf e^j( ^ U-xipa LLJS: iiujjj ^ij. jc-Uiu ip.uai SjijrJi 

^ i ; JtLfill sjii JI^Jc tit ^ Ji : jliA ptl yi fh JtUj ^ ^ ol 

ic ^ ^1 . o^Uii! ijo.UdJ.1 ^UJ 5-jiJ ■ (w=0) ^ 

' o\lS^ '• oLyla-L ialiJI ^ "'Jv' f-^ 

AE = E2-EI =qv -W 

, JcJLLAU l^,J*-*. ^xjlio .ji jki JtUi (> tSjIjaJI (1)1 

• "qp" 

J\ L^Ujl ■ c^t lo-i-^ 0*2 (SJ^ i> :Lilioii, J' ^;LJ•, 

I415^ 5JL. . "H" >.;u <j . (Enthalpy) jl 

^ (> j^l U^J ^UajS JCUG ^ Jlilj < Sjlj^H h^jAS <^P ^ 

^LJllj (H products) h^\Ai\ jM da ^ Ai> i> ' "AH" t^1^1 

: LlL < (Hreactants) iklid.) jl>all csjlj^' 

AH = H products - H reactants = Hreactants •■■• (9) 

aj .-. . ^ j^iJI VI ^ u, Ci=^ co^J JtLa yi jl uikil! Sjl^dlj 

tai^' cAitUUJ csj^1 byw c^1 

AH = H2 - H, = q,, •••■(10) 

. ^tJI jl^Jl: "Hj" < ikliU! aM : "Hi" 

^lll o^UUHl y—HJ • Sjl^JJ SjjUJI c^LUIL 3!^ Jil\ oiULLlII 

, 6JI_>=AJ 5^oLil L 5jIJ2»- 

^ Jil g^l^all (yJEaV1) ujjM1 CS^-1 ^ ^ o5UU^I ^ ^ 

. (1-5) J^iJI > j^lj L^ < ?JU oli "AE" ojfc yltlLy. o^Uidl tsjb^l 

3^ ^1 tfjM11^11 d& ' u^1 <11^ yij 

glljill yl) oV-c.tilll 3- JliliiOj, <1U116lfc yij . olj "AE" 03^ • o^UidJ 
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A—■ ■   .■ ■ ■■■■■,, »,... . i ■■■■■■    

■ (2-5) Jiill jJl I Sjly*. ?aL-£>| J^y-Q JaV 

^2(g) + 7 ^2 (g) 
H, (reactants) 

& ^ 

t 

I 

H2 <H1 

A H = - ve 

'A H = -285.9 KJ 

H20(1)i (H2) (Products) 

Sj 1^-11 JJLUI dcUjJI ^iJ\y : (2-4) dSji 

|AH = - ve&H2 <11!! 

H2 > H1 HI(g) (H2 j Products 

4 A H = + ve 

t 

s 

,/ 
A H = + 25.9 KJ 

7H2(g} + ^l2(g) (H,) reactants 

SjljaJI Jc-Ulll yjJUuV ^-LUJ : (3-4) d^ji 

|a H = + ve & H2 > H l) 

: Standard Condition 4. tid.JLH o^tUI 

• t-»xiAll ^ Lu^Ljill lit (AH) yjiljiVI ^ ^uLS — Silt — 

1^*-"^ litj , [^>111 j-i I^ill (^I (0 C) Lelic. LiAuLiJI tJjjJiJIj 

. wUII <GlLa. yi I) .(p - 1 atm.) : ij^lj 1^. 

: (Heat of reaction) JxLtUI 

(>» cr4'-^ Jc-Lili Lalic < (itilAii'i jj iioiail «!_>.«$ 11 l^jL Jtlijll Sjl_>Ck, lJ^ju 

. JcliaJI LlJJaj jljx 'its Jiwlj £a SjL 
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SjLa (j-olj-a. ^4 SjLo ^-41JfiLLL Lojjc. "AH" I ^ j._>.»ll11) ^ jl 

■ JulilJI "Djlxj LbJ^au < jijA jj-o i ^jrL.I 

<ILJI tj-A ifAi jj-a SjLa <jLjijI jji'l 1 Iajv (jjSj >iZj 

Lo SjLa <_i.l a*I Ua-L-cw Ijjh jl ■ Sjl^wn lillji ^ "■ ■" 

i kJjUj 6jlj-a.» ^ nAitjfl < 4 J-C.L5j -- (jAj JjL*j 4-xlwtI La.1 i ft n jl < djl^lswVI Sjl^3.B 

. \&Ju.... 

JjcLaUI oljfjj*. 

: Heat of Formation ® 

ii>-») csj-?- oj^j '-e-ii£- ■ (AHf) yJlAiVI ^ jaajIU L^i'u (jyiil) Sji^. 
^ " • * 

(jjil Labile. I yLJL 4j I ^ fli Ij , «<j_tuLjJiI| LfiVU. jjpi ^IjVI Lihjjjatjt lj-n Sjlil {yt 

, {1 atm) U* ■ r>l lj i {0°C) iJfji SjljaJI 

. iuoiUill jjjAJ AHf j i ^jLau lujiLjill OJLa. 

(jylau ^jJI Jfclijll Sjl^p. i_iLufv (j^Ai ' oi-aSj-ait ^1.1^."mUj 

<■■■■!' °H <G}L^ ^ tjljjv jjl jLlfi-VI ^ ja-Vi < CiiLcliXa jl gjl^jS oU^^ll 4.1* jjJC 

. (J4 J<.«T.'l.«JI (J-JJ^J ' UiJ^" 4J!_)=>. jV_>fl44 <jV lill j_5^ . jitoJI 

0>LftU:»JI ?_uuUlll l^jlr Ji ^-.'i Jc-liHl) AHf tajj jjLi 1 (_t-l£L) 

■uj C!»' ' ij-ySjll CiLjJlijl i_y 

f 35 AHf(Producis) " 52AHf(rcDCtants) '•• (H) 

: (3) JU——^ 

4jl_}-iw Aa 25',C SiC. i^UIj jjJAjVI ^ (CjHs OHj J>^JI UiJ^ LJJ^a.1 

: Utlll 'Ujl.n nil itt tU 5Jc.lilll jljil (Jxi JS 

C2H4(g) + H20(1) > C2H5 0H(l) , AH; = ? , 

AHf 12.5 KCa!,-68.3 KCal. - 66.4 K cal 

AHf = 52AHf(pr0Jucis) " ZAHf(re0C|.aiiiB) 

AH'f ~ AHHi OH) 
'1 

=-66,4-[12.5+ (- 68.3)] 

= - 66.4 - (12.5 - 68.3) 
= - 66.4 - (-55.8) 
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jjl 

= - 66.4 + 55.8 

AH; = 10.6K.cal. 

: (4) 

: ^ Kjliill jl^il ijjjhZi ly* (AH ) JtlioJI ■ •-■ I 

Pe2^3(s) + > 2 Fe(s) + 3 C02(g) 

AHj -196.5 Kcal-26.4 Kcal. 0 -94.1 Kcal. 

:J ^ 

AHf = X^RProducts) * S^f(reBctBnts) 

- AHf(Fe)1 
+ AHf(C0I)I]~[AHf(FeJ0})l 

+ AHf(CO)8] 

= [(2 x 0 ) + (3 X - 94.l)] - [(- 196.5) + {3 x - 26.4)] 

= [0 + (- 282.3)] - [- 196.5 + (- 79.2)] 

= (0 - 282,3)-{- 196.5 - 79,2) 

= - 282.3 - (- 275.7) 

= - 282.3 + 275.7 

AHj =-6.6 Kcal. 

(5) 

JWj jljil y* JS y ^Lill JcUjJJ (AHf) ^ijii11_MJLa.l 

: <Jjljuail Uxlo 1 4^jU1I 

C(S) + 02(g) ^ C02(g) 

AHf 0 0 - 94.052 cal 

AHf ^AHf(Pro{luctsj - ^AHffreaclan[s) 

^AH^J-fAHj^.AH;^^] 

= (-94.052)-(0 + 0) . 

AHj = - 94.052 cal. 

AHf = AHf^^ 

i> jU JyjS ^jll , (^jl^aJI ^ 

■ 't_>J'J5i ujlj jli ui& ^jluu ( i4jVl 6jxoljfc 
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 6IJI ^  

: Heat of Combustion ojlj_>- 

i—i^vl■■o.i ^ill « (yjlliiV) a.ifl^ jji-JI L^JU La SjLa ^I^^La-l Sjl^^ 

. (jj-. i n'iV [ Lab LS^Sfc SjIII lilc ^j-a Oa-lj 

^JcuJj tj^.n<\Vl 4^J Lab Uja. Jjlaj "tyj-a-JI CibS^>ll ^j-aa. J,! 

^b jLa i 4>3-J ^ Lab L5jo. jjjjlJI JiLu jjloj t r>b-aa i aUlj jjjJjill Ja^uSl ^jjb 

, tjjjjjll jljj^.1 SjIjoj I_iJ*j I SjljiJI ija iiai j^Lbil i5'j^' i-kivL-cyj < pLLIj [jjJj^ll J_"u^'l 

: (6) J^ 

; Ulil! <jjijua-!] iaik < {jjAjjjSfJI isS^i J^Ltu 

C6^6(1) +7.5 > 6 C02(g) + 3 H20{1) 

,(782.5 Cal lj-h --b jicj (300 K.) SjtL^iLI SjljsJI cbl^ 1315 

! jjLi I < Cub ■ta.iLi.-A j'lr, J«■ I a"11 ijjja- Ijl Swift 1 nil 11 Sjlj^ll i^mi'v I 

. (R= 1.987 I. atm / °K . mol) 

AE = - 782.5 cal , T = 300°K , R= 1.987 

An = 6-7.5 = -1.5 

AH = AE + Ang RT " '" 

AH = -782.5+ (-1.5) (1.987) (300) 

AH = -782.5-891.0 

AH = - 1673.5 cal. 

: Heat of .Neutralization JaUtUl &)(>>. 

jjja, £a u^ua. jja JjL*Ij Ljift < gbbll (yJLjSVI ^ ,>+*511) tSj'j^l' J**-*!' y* 

>< ^ (jj-i-w-i JJLJ.I Jb ^ UiSJll JJUib . UiaJ.! JJUi! yi SjftLS ^ 

U.Luua jjJl JftliuJI tlucxouy I cKilll iub JftLilil (ja <oJb](j ilftUlil jl+ll UJ^1 '^','-a- ' pLLI i>ft Sjjj^ 

. jji pUI jjjSj 

jjc. J U'.M iClibj SwL^lj ijj-iil (joLeux^U Jjljulll SjIj-O. (+-4 0' ^jLJI 

iftl^lj JjUHI Sjl JO. UoSj^ JjUuJl cJLaft ^ <-a.L*.*.J.I <^511 S^ftllll jl ^1 o^a^ll 

iftljillj JjLoJI SjlJ^ 5-ap Cibl o^l M3. (- 57.4Kj)jl. (- 13,7 K. cal) ^jL-u 

Cibjj'l 'I -"I jJi JjL*~jJI O-b-ft ^luJLaJf JftLiuJI ^jl (juLuil ^Jft i l-+ftj4 t_ilLa.l 1 ■» < 

: aLLI (OH") (Jfu^jjC+JI objj'lj (H+) jjojjao^l 

H^)+OH(aq)^=irH20(l) . AH = - 57.4 KJ  (12) 
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Nadher Alshamary

J—jjljil ►L»_S3l 

: (jl a=^ iilla ^kj 

HC1 + Na OH > Na CL + H20 . AH = - 57.4 KJ (13) 

HN03 + KOH > KN03 + H20 , AH = - 57.4 KJ (14) 

iJjUi'l (jU c (dKSSJl acl^illj j^L^Vl <JU. Lei 

<iij« i^ill Sac HI I jl i-flj«^Ail I liKii 4j,I u-. yJc iJou" JcUjI) JjV ! (- 57.4 KJ) jlaill j^c 

oj^J 1 (SJLH^JJ JfiL-ij) (OH } j (H+) ciIJJJI ,>» "LI' udi^ ''.jla.fj i (Sjlj^sJJ JcLij) 

ilLa. (jLi ^iTi tiLcull ^ .I.-,»11 ^jjk i <ILaJI ajjt JjLJLIII Sjl^^ 

. 5jcHll j| £jj yJc Jc!J2JIJ gAl .^Vl 

Heat of Solution iul^l ^1^ 

jl ■Li.n.'i n11 Sjl_pJI 3-io^ yJlajVI JaJliII 

^ ^ iljj< (solvent) ^-watl 3j_a£ ^ (solute) 4jIjil Salil ^ (a^lj 

, 4 Q iQ->- < jlc. J3LU | 

t-c| 5jIjVI 3jlnf cjikL^j 4a| (_rkaJ i Oli i (jjJCJi i_ll1ji yj L« SjL» "Lifjl AlCj 

uyJJ <i| (^i : A-Jj>K <4lj) SjIjA jjl culill , Sjlj^. JiUaal Lalj Sjt_>s«. 0^l ■^■" *1 

I AJ-iJ 4 ij UVI <il.nc. 4jJ ^-u I fi L»V I s JjijA A® 1 I 'I dlla 4 In^^La I ■ | ^ ^ ^ |_t | ^a 

ijx LfJ j.'KmSi SjI^A, j^Ual dUI ^ i-yjj L^j] c HjILlu .1 J'<jlal '-• '■ 

i ijlj^l < tUr. >Li jvjj ^all pLVI <j^ki.u 

4jJl dlijkl (^jil i-fJil 4_j.a£ jjk — (jjijjLa Ui ioj Sjlj^ ia.jj ale — ^jlj^ll jjjill! 4 .. a ,i 

! 5jljy( Sjfj^ SjLiyi alt i i_i(iU Jja Jil ojail cjVj^ jjt 4?"^^ ^5^! ^aIj . <jIjVI 

H2so4(]) + IOH2O(I) >H2S04 . 10 H20 j 

AH25«c= ■ 16.24 Cal  (15) 

"ta-fti yk olJ-a 4 nj n "L-t&i "LiC^aJ I j >«"H "LiljVf ej!j-i. •"«"J 

JmijiJIj SjljiJI ij-a Alt, ( cjjjji (j-a <l«Ui 

; ytll iljUlL <4.Wl 4ji»£ Jlel jj) (jiuj 

HCl(g) + naq > HCI, n aq ,...(16) 

6*^ ^ aac ^ "n" j plil Lla , ojjll Jlaj "aq" >jllj 

' ^allaH oVjUII lyi £Cu*a_ya J-& La5v "n" i." i* ^If i" 

HCl(e) + 5H20()) =HC1.5H20 j 

AH29g=-63.995 KJ. ....(17) • 
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————     tj^1  

HCl(g) + 25 H20(1) = HC1 . 25 H20 ^ 

AH298 =- 72.177 KJ. ....(18) 

HC'ig) + aq =HCI(nq) 

AH291i =-75.076 KJ . ....(19) 

ij-* oJdll jj-* Jj-o JSJ < flIUlt.l ljl__j_riJI (jLi — iiaLJI cjVUJI — ?1L». JS 

5j(jyi -uioc, ^ •Lillaiil (jc, SjLc. ^ b^.VI ■Ljillj . i_4jL>Jill aiA olc. 5-^ .^.11 SjljVI 

"Gc glu V cijJLkj La-jJ ULL-a lit, JiiU "aq" jJaillj , 

. HC1 ^|jy( i^UJl "AH" hul 

4 > I o ^ i—I^»-Loj u-UI 

jjLuiac. liKlikj <4la i u-UiXo La Ljlia llljl '*"• 

• <*31* ^A*c- (jr^j : tfbVl A^Ludl 

4 k 1,1'ilLi) Sjj_Ala CliLljjl (jJI ijljJ.I J uja.Luaa 

' j' : 'LJ^AaII JIJAJJ <JI-,L'III-J) iiiSj CjLoj^oa. (^1 jl ■ (jjjjjVl 

. Sjljaii ojjUa T-JUi ^Aj : SaLuUI 

i i_ujJ>l CjL£-a •La-iLlII diLl^jVl LjjLaj jjt. i O [j_jliJ I j < .„K~i ^ju <jLc_c. 

. UUVI jl (hydration) Sja^JI 3^*11 bjj. u^...-u 

jjAj i-Jaj ejjill ajlij <iLiAl uJIjjjj . V^1^-4 Lf^ ^ '-'li* 3jIj| jl*i 

• I ^ '11 i_j I jJ. I i^yb I jail] I I JLft i 

j iji"> i jjij (J'^>'1 tj2l 3a^Jj jjjSL 4j^(j i ■ g-a—"tl jl^ALxul qC. gjUll ^ixlll j""i 

cjLiiAj ^jJ I jjAa, ?j_}l_^JI Cil^uJull ^j-a^-e ^.n/ HJJ . jjjj OLHU "J i 

. "aq" jji^JLi Jjl-vt,l (jt jiAj jVij-wj ((jjill jjii «LjL^jV "Cu^ Sjl^o 

i<ijlLiLI ijia- L-loiAjli Sjl^a. jJJa jA i (j-*-*-" Jit 4_11 jVI Sjl^a. j la" ajicj 

i A."i j^oa. gjLjJI ^jLjjil jjiaAll J-OJJ < gjlill jiiillj ijiiaAll ^jaj "ti^LxlJ (jiLu i-ii-iAi jA 

U-0'-^ (£>?■ 6^ ^"Liil ^,-Kll u-lc- JtoaP < jVij -VJ . (^ii-o - jiSji'l) 

■ i—uAlI "LwS. jj-c 

A A 
il O-0 

lit)j j ^jlja - ) 

(jji i 4_iLxaJl JII ^La. • J'" "' * ^i./a'ir. (2>-a iijLe. SjJ Jj to ^ K * x ft5\ jj-4l 

. tjjliii'iH ^gjLuu AJJAAI! Sjl^a. 
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Nadher Alshamary

: uj (716.68 KJ) ^ uj.jilJ ^1 Sjl^ 

C(s) C(g) > AH298-K - " 716-68 ^ • — (20) 

^Ull (Ji iiU>}Vl Sjb^ - * 

'_•! •■■ a. I g 1.1 ■•'J ■v.i.all liLG , <LuLl. I iJJLaJ. I oLlj^V I (jjjii ^11 u-> n 11 

^ lii' j.u'l V tij| ,jJl -~ 3^ -"- iJLa (jSJj . Cil\j-iVl SJJi J «J.tn I i <jjU,I JJUIl oiLc-Ulll SjIj^u, 

JiVl (jjijj-il ^ i JjL*jJI UiL -LlV fjjilil 

. ol^jVl JaxuJ (VUG) Jtlii (fl 

; nUI I JjjjJS jli 

HCl(g> + aq ^ H("nq) + Cl^q) .  (21) 

. "Cl-'V'H*" : 

K) 

. Ju*U 

AH;(H:q)=o 

(jis^j Sjlj^ (jl ^jjLmjI yJt c < tti ->11 oLyJ^J ^1 nit 

■ i\ I tfjLu^ 

Bond energy j*4S ji Oi>Sj ifculjil ^illa - V 

dlt 45LU ^yjl I oljjjaJI ui^jJ -IqjIjj Lflu LiJS Ciljill Jj! (j-o 

. <JajljJI iiLiu Gaaiij La ^yA "(JqjI^jII juXI ia^UI <5LUJIj . ^C^lcUull »tjj|^ Ciljill Jj■ 

<JLiJt jji iojlj>ll ^ Ja»)j ^ (^H) (jj jjjGII/i : lflu liuljll liUo 

.«<jjUJ! 3iLJI ^ oljj .LUcV : ^lill 

: dBi Jii*1 

' H-H(g) > 2 H(g> , 

■ " AH ='+ 435 KJ / mol.  (22) 
Ci-CI(g)—>2Cl(g;. 

AH = + 243 KJ / mol. ....(23) 

H-ci(g) >H(g) + a(g)J 

■ • ' AH = + 431 KJ / mol. ....(24) 

Lo^j , <J iUjIjJI I j I ^"| ftj «LU1I JIOJ LjjV ; |ia2 yJl <LLJ| ^J2]| 

JJ—^ '■ -WW cSLJ2^ tr* 'tsy*- u* u^-' Cy 
i 
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      J-^1  

Jj, d-jl ■ ifc» jiLLail J^jll <ili / "tUjIjll <iUa LiS . L*,) ■ «i£J <5LUI jjS| 

. ^jljJIJ Ciljill JJA-I <I-Lulj jit iiliaJI 

talk JS'lj < IjlJj "i ijj-® » oiliiLilil ^ Lflji tjjil kjljjll lilj 

, ^•-la.-ua ^juJuJIj I s__>l_>ail IjjUo JtLilll ' "iJL" (AH) • Oik.lilLI {yt 

; (Heatof hydrogenation) Sjij^ - t 

(gj^ac. (j-o laa.lj JjifcjJ '■ OivL^all ^UuVI LfjU 

1 O'fJJ s'i^ ^ik-olj yil ^-yit-a jjJL 

Jj-aJL Oli , jU, jkljkJLcal ikxoil^ (JiLJI) -Ac- • liilj JULa 

Sjl_jrJ( ^ '■>< jdj . (205 KJ) UjjS SjljaJI o-a ixaS ^JiUaii Jlj (^-i-tMl) jjLkifJI 

; <|j(jixi] Li-k i *likjJJk Sj^ya-J yiod! Oj-A ljSi iaikiil 

C6H6 (|) + 3 H2 (11 >C6H,J(1) J AH = - 205 KJ (25) 

(AHflJ)i) Heat of Fussion : jlf-aiV) ij\jA - o 

, iliLJI 4JUJJ Ilka 5jL {y> Ja.lj J>a jit < ijUJl ^HiVI ^ jklil ^ 

,(6.0 KJ) Jjbu 11 all) pUI jjn JaJj Jyo j Lf^ail JUa 

H20(s) > H20(1) j AH273 = 6.0 KJ .... (26) 

(aHvBp) Heat of Vaporization: Sjl>v - % 

La._)J jjt < <ijl k ill yLJ) ^ylj SjLa i^a J-a-lj Jy# Jj--'-'! IS* 

(2980K) ok. .U) ^ a>« u& ' J1^1 ub- ^ J-^Allj Sjly^l 

: (44.0 KJ) ^ ^ J^lj 

H20(t) > H20(g) j AH298.k = 44.0 KJ . ... (27) 

(AHsub) Heat of Sublimation: ^Uull Sjljai - V 

, (^j^1) tJi SjLfi t> lb1 tr* 

, Lj . .fi'. Sjljiiil kt iuilill Jfkull Sjlja-J jlfl 'aWI Sjl^ tfAj 

AHsllb - AHfUS + AH vop  (28) 

JxLiUI ojlj-*- yrit tyiJl 

. jtliJI dlj Uak ^ ^1 va.k^l.1 

; ^ < JfiliUI Sjlya, yic j5ij ^1 ib-^13 di^ M>-0 
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Nadher Alshamary

4 jjl• — _ . . . — _ , , | , 

(duli iiiua CuIj ) JfrlLlI Uiic. iiau uijtjIsJt - 1 

<1 J^UJI Iiftj i O-jLj J^i.ua j! OjIj jlc, iiJ^j JtLijJI jjlS |j( La LLk 

■ c»ljLc (jJt Jalij j^lll cj^LiiUI yL=. SjjjS 

UA^J_o) Lvj 1 i n ^UiiJI ^ji-u j] L»l I Cj-jIj JoA-bO Ciaj ^jll 2_JajJI yjL^lJI ^ a a 

ilLa. . Lulj ii&.<.o|[ "Ulc ^jJLu plil ^ JuLijll djJ-a^i j| , (cuLj JajLwa, jJjj {ijj-eJI All 

Ja-ui LpAjI vtiOa-J <jU < ^ Liu] [ <uia.)ill iiLLJl j.j.i." JI Jl iiL-aVLy i .-.M a-1 a'll JLa 

isj*i C»li jaiui jlc. jpli JftLd (jLi < ■ "LJ-LaSjl j] jklkill JAaj •UuLu 

^ • ^Li^f jljilj JtUit) jjjj (AH) tsjIjjJI I 

jlj_JJ cJilall oLSLLJI < JcLLllI iililjJ! oLSlLJ) ■ 7 - £>jj tj^iJ| ^1 .-^■l'; --. - 

. <kUlLI 

1 |AH = qpj cuLj jit. Sjlj-aJlj < (AE — qvj cut ^ aLc. jLi, Jj-ui Laaj 

: -UiLJI Uj Ujjj 

AH = AE + PAY  (29) 

AH - AE = PAV  (30) 

^xUu ^-J| ^ ^1 CliUlilJl 

-Uij^JI (jij La) AV ^ 0 ijj ^il ^•j'J LLJutj SJLC, ciiLtLiill ^{C 

1 ijP ( (tja. 

AH = AE ...,(31) 

Lu^f ^L=^l "!> yi 4iU < Cal^Li. ^ oiULilil 3. ...-.tl . Laj 

^I'~" ■"(yiaj ilij-w < ^Li-o jLiJI yj (jijjj (AH - AE) jldlil uj!>■■ -> • "JLa^I ^ 11 Vj 

: ifcLtil 

AH = AE +An RT it> (32) 

yUJ! yi <ltLUil jljilj i^LJ) J^l oLlij^a. jIj_£.5 yi Jiaj "An" -*■- 

. Jaia 3jj UJ I 

: oil^ IjU 

AH > AE ' up < An = + ve : u'tsl : nj, > n 

AH < AE : up ' An = - ve • uj i '■ 

V
 

a
 n 

AH = AE : up ' An = 0 ' uj (f t f n2 = n 
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  -.i.m ,.1, -- — . I,, - jJl    

• : (?) 

jjt 4-2lj■">.,■>,I CuUS !jl « 25 C jicj C»jli ^ (Jo o r.. Sjl^v » ...■ ^ I 

: (ju Lait i (- 771.4 cal) oj^j Uo io 

R = 1.987 L.atm/0Kmol. 

: J *~\ 

' 5-tll.ll I ^JaluJ] IQ > ^ ''X^xy >1 i a-S. ^» 

C6H5 COOH(s) + 7.5 02(g) ^ 7 C02{g) + 3 Ha0(1) 

AE = ? , AH = - 771.4 cal , T = 25 + 273 = 2980K , 

R = 1.987 

Ang =1 -1.5 = - 0.5 

AH = AE + Ang RT 

AE = AH - Ang RT 

AE = -771.4-(-0.5) (1.987) (298) 

AE = -771.4+ 295.02 

AE = -476.38 cal . 

t-* ■ J- jlc 4jV ( cmIj ^•>■"> alt 4 fllU'il I lilfc (j-o CuIj la' io jit 3 allalt l (jl ioaibj 

<_o_l5 JjLoJ jJ!u I (295.02 cal) 6_jjJ5 JjLuJI li/^j < ^Uaill (jit Jtxu diJ-a-J <al ^1 I jw^A.11 (Jrtfl'n culi 

, culi ojIj t-i* i A aic (jj jjaJ I 

SicUUi J1>J1 SJAS — cj 

j) Cijlj LaJSi ! <JtUull jljil Uiuijj (^>*.''41 jl d i ^.1 * 1 I) (Jf.LfijJI Sjl^a. L.j i n (HI 

. JtUlll lj-a dolU'.l I wul,I oLi-<"S Ci2r ligiijl CjJ 1 j i iitlilLI jljil CiLu<2 Ciflf l^rxi 

: Lf^ ^ C+AP U^±3 

LiJci < (68.32 cal) UjaJa , Sjlj-a. ^" 5 ^lU'i" <gU t iy> (2 rnol) ait 

: UW <lal^ll 

2 H? +0,  >2H20 j AH = -68.32 cal  (33) i (■ i z m i in ^ 

Ltjai i Sjl3. x jjlU'." ^jU i (<3uLlJI ^111—s-*-i-q) I ^ (4 rnol) jljjtkl ait Lai 

: 136.64 cal 

4 H? +0,  >4H20 j AH = -136.64 cal ...(34) 
* in z in ^ in ^ 
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^ (jjii (^ niOl) Jjl^iLcJ Jot < aUal11 Sjlj^il O-0-5 Jjl ^1 

jljil c>l,.j ft?v (j-lc i_ii^X5 JcLiltl jj I j-Sjj li#j • ^11 (2 tno!) (jfj-j-al jjc *1 alia'ill 

, 5If la".! I 

AajlUjj alkali &a Jil AjjUjaill AjlaJl — ^ 

jJJuJI (j-lc. ji-iS jjjIj l^j laJiLi j( 'tIf.IflVn CuLS c Ij-jji ajLJJ -LijLj^xflll <JL=J1 ji) 

. JtUUJ i_i3.LijaJ.lj <±jjUJI 

: jjilJJI JlilU lillj tjiwj 

Sjl_>aJI {y ^J-oS iiCLuJI <JLaJ( ^ *11) (^yjSll I jlij "t^V I jlfc Jiilij Jit 

: oVvlUJI {y US <4jjUJI <JLaJ) jji sltl Jj£, 3alU'iU dUj y* jjSI 

^2(3) +-2 ^(g) ^ ^2®(g) + ^ Ca' — (^5) 

H2(g) +i 02(s) > H20(!) + 68.0 K cal. ... (36) 

. ijjUJI 4Jl^tl jjJj HJUJI ClLa, (j-o P UI u* Li^jpj -'Hj' "il ■*■..■>. 

L-^lu ij^l.j « dkijjiJI ^"n «1 i Cjj^JI jl^ivl Sjl^a. i. ttlAl , lillj^j 

. jl OJJJSII Sjlja. ,>. SjLc. 

huA\ j\ J^aU SjljaJ) - J 

Sjl^aJI CIU.JJ ^ JJ ■ Jiii i^LiAjillj ijiLjAiJI oljiiull j^icSjIj^JI ytiLol*! Jjjalflj i 

• W 

Sjl^a. ^.Jj jijJ ioj^UI SjljaJI ; l^j'u >jjJU 5jU LcjiJI Sjl^pJI (jli .. LfljLjf ujij Lai) 

^ LJlJ- liua-j . «SiLa.(j lyj-a ia-jJ SjUl ya Jsalj 

« Sjl>jJ) ijc. SJUA I JL&AImiI ^J^U! lyJl , Lj-al3 .'■ -Jl 

fjj SjIjaJI <yS.K : t^ili Ji • SjLJl ujyi CT® 

<U-uiH SAa^y . aSimi <A.jJ Jjfi oAxfj iyJ-o SalJI yA Aklj ^.o}^ Sjlj-a, 5ja.jj 

■ (^Jj ■ LT4'-^- {£>?■ /y^) (jr4 

' IjAl ^AuJI LUAUJ jJOAall /J&AJJ 

C'jf 

U SjU cua^j I jli . ojIj Uixo alt jl call j>. 3.-> alt L^ujaJI 5jjl^_aJI 5 . ...H .- ^ 

^joaAlJI (jlflj "Cv" Cut ^a-3. ale Lilj^aJJ <JjljeJI <j-uJI ^ti , litj L^jLA-a. Lflalt Jlaii Qal 

: ylj LoS LUJJLij lj'<f 
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c = — v dT 

r - _!£_ 
P dT 

dE 

37 

3E 

3T 

AE 

dT 

AH 

dT 

• (38) 

: (_gj(i dp culi Joi.i A jii. <jjIj-^JI <3^1 L| 

(39) 

•LSI Ul SjLjj <—1-olall Sjlj—aJI VI "Cy "culill ale ILplj_jdl ^.«■ 1J>II IJJ. rkl Vj 

Jl Salo L^V I "Cv ^ "Cv" culAJI JaJu^JI die U^JI Ul , ^Idl) 

| "Cp O-ili l~ * 1 die <CjLm1I (jli (^LllLy , dJ_ajil lyi Jjdill ij' Mill jIJ-i-o 6JJb 

jJujj Ladle JJ-xjil Jjiill (Jj.i.tiH U-aS jldJLaj < "Cv " CuUi ^ 3«-a. die <.«.iull 

LfclS aj!,_>:>■ f'Mf * LvU die 4iL4 i SjI > *jj . U.jd jld-.Sm 

■ i"til*! »die £jlj (jjJI dlti I Sjl^l |j-a i a jLLI <ijan 

: Jjl daa < jiL ^ dA.[j J>!l <jau11L|3 

 (40) 

; £-u-«al <LLLuJI LIJUJLI i AT ^^ie UjodJUj 

AH = AE + PAV 

AH 

AT 

AE PAV 
 +  

AT AT 
(41) 

AE 

AT 
— Cy : 

AH 
— C, ui 

AT 

: JI^LLUJiydUll ali 

Cp = cv + 
PAV 

•AT 

PAV = RAT 

I^ = R 
AT 

Cp — Cy + R 

.... (42) 

: Ijll J>«il 4llj »iJliil djljLO I (jfll>> CyK) 

.... (43) 

.... (44) 

.... (45) 

Cp - Cy = R .... (46) 

UuuJI La-Li J^a Cxf^ die (jJLLo jle ,> d^.lj J>1 < «-...•■!I oitfl 

.(1.987 cal) jldiaj : (R) jldLaj cwli die <<] 
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   L>lji-l iLfcjSC!' ' - ■ ■. - I ■ — — , . I I _ I, — II ■ ■■■ I ■ ,,. 

Vj jtTi •* JJjljj I. Jar. i jLt (jjt "W" JiuiiJf •• ij^- 

[j* J.l "» M W jjLi i T2 ^J) T| (jx Sjl^vl) Lojjcj i Culj In«J.A jic "Vj" ^a-3» (jij 

; SjbUJI 

W = PAV = p(V2-V1) ....(47) 

jl 

W=:RAT = R(T2-T1) ....(48) 

: (jli T2 - T| =1 jjli « S Jo-lj 'Mjla Ca.jJ jljiaJ Sjl^aJI JJj dicj 

W = R= 1.987 Cal. 

'■ ulcs'i '• Y Cp / Cv <AfcliilJ >»jjj 

Y-Cp/Cv  (49) 

. 2,98 (^jLuj iljlsk,) oljliil "Cv " (j( duaj 

Al 

Cp = cv + R .... (50) 

Cp =2.980+ 1.987 

Cp = 4.967 

: yU. JtlLj 

Y=Cp / Cv =4.967/2.98  (51) 

7 = 1-67  (52) 

: 1 (iLUJI oljLill) iijill LjUI ciljliij ^jj Liat jifj 

Y=1.67 

: Jc-liUl SjjjA ^ - -fc 

. Kirchoff s equation 

• A > B : JULJI ^ T2 die JJeUill jl^tl <ji , JcLC e fjaI 

: ^da4j 

(PathI): JjV) &Jji\ 

■ ^ ^ ^UH( al^il 14^ jA , T2 ^11 T, > ilclilll dl^l 

' ^2 ad* die 1 ietilil [Jr.laT:! 
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JJVI i3i>^' 61^jI - "AH" ^ jjJdl ifujS (jli ., v.'.. -j 

& Jalii '. "Hj" tfjIjsJI tsj^UI ^ J^iil J\ UL^iL, ikUUI Jljll Iju.u^l ^aJI Sjl^JI 

. 1(3 ».^1J 

: uli 

AH (Path l) = Cp<reactonIS) (T2 -T,) + AH2 .... (53) 

Path II: 

—11 LSj'^-3- J J *' ( T j Sj(^J I 4-a.jJ Oic. i J*,LiI3 [jLi jl^-nili^o-mu 

' ^2 L^!^! (>« i>o LAJLIJI jl^J.1 ellj xju , "AH i" 

■ ^-"p (Products) LAjvU SJI^JI {y, <U-a£ 3=kjUII jljU 

lifj I) {^jlJ.1 ^ yJSH ijjSj . JlaJLy 

AH(PathIl) = AH1 +Cp(pm(1(lcl)(T2-T1) ....(54) 

AH ijjji i ojIJJI (J—^LiJJ UJJIS < <2LLJI OLSJ (j^jlll ISIUJ 

: 6l (5' • 

AH (Path I) = AH (Path II) .... (55) 

(react) {^2 - T,) -f AH2 = AH, + Cp(Prod) (T2 -T,) ....(56) 

AH2 = AH, + [Cp(prod) - Cp(react)j (T2 -Tl j .... (57) 

. SJjLxll ftia 

T) Sjl^l jic. Jjilll j) JcLflUI LaJ AH2 j AH 1 t (j| iip. 

■ cfk"' ^2 J 

. jl^ ^ : Cp(prod) 

. ikUli! J^Jl ^1^1 ^11 ^ : Cp(feaet) 

; oJWI ^ a^Uti iljlxll <JIJS 

AH, - AH. 
-^TTr- = ACp ...,(58) 

AH2 - AH, = f ACp dT ...(59) 
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i-jjljJ-l .U^Jl 

a (ah) | 

ST 

AH, 

AH, 
d AH 

= ACr 

4: 
ACp dT 

5 (ae) 

3T 

AE, 

= AC, 

 (60) 

... (61) 

: ,^1 < CU(J |vr»A 

 (62) 

AE. 
AE) = ACV dT ... (62) 

: (8) 

~2 ^2(g) ^ (90 C)jjt H20(1) (jjji! Sjlja. L-.UhiJ 

<jJ- i-x-wJI , |aH25*c - - 68.37 calj ^ 25°C jic. 5jlL&k 

' is* 
Cp(H20) = 18 , Cp(02) = 7.05 . Cp(H2) = 6.90 

AH2 = AH, + [Cp(prod) - Cp(reilct)] (T2 - T, 

AHgo.c = - 68.37 + 

AH90.C = - 67.877 cal 

18- 6.9 + --x 7.05 (90 - 25} 

2C{S)+3H2(e) 

: (9) JH. 

: iJllII aLykll {y (200°C) Ait ( (jJjS Sjly. ■ J...~ I 

-> C2H6 , AH25.c = - 20.24 K cal, 

Cp(C) = 2.7 . Cp(H2) = 6.9 , Cp(C2H6)=15.4 

AH2 AH] + [Cp(pf0d) - Cp(reaCt)] (T2 -T,} 
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AH2(lfl.c = -20.24 + [l5.4 - (2 X 2.7 + 3 X 6.9)] (200 - 25) 

AH20o'c = - 22.112 cal 

: PLmj-USJI 

La Voisier - La Place 

(^jLwiJ <1 (jJJ cKft-'l SjljiJf L-ASS jjl (jJt (j V»i-Si I 

. iJjV) Sjj^sljc. USl^LI villj Ai3^ aliil 1 «tiUajil Sjl>iJI 3aa^ IjJJC. 

^jLuJ LjljVl J J ig*\l jj-ilj 't-t.l Uj 11 SjI^jaII < J t liUi 

^ciAjj LSI 1 (j;^! Sja <L^VI ftjj-aljc, (jJI JjjjiS] jLt lLKa1 j.l '. <AjiUI SjIjsjJI Ljiifc 

: jjjLi Laa lilt j 

C02(8) > C(s> + 02(g) , AH = + 94.0 K cal  (64) 

C<S) + 02(g)  > C02(B) , AH = - 94.0 K cal   (65) 

(Hess's Law of Constant Heat Sum) 

JtUj (Jy (AH) Jji Jjijll cjLfl , JotSjjl 

jljil (jjij Jjl L_v4lJ ( Ciljkk <£.J n ■v n j'l S.La.lj SjLk JcLiill li* »!>«i < CijIj jliLo 

. H^JUi. JS ^ l^j^ii't jjJ ?a4ljllj iklilil 

|iJ Ja.1^1! jl ci(>LAJI cmK Lv^j. clmIj jUia (jJlkVI ^ jjajIL co^-l -li^u jl 

. nilU. u* lj<.iia'i ^ <^jLl1Ij iir.Liill jljil jjSj L^iu < jjajII Cy 

I 6 JAW IJ SjLa. jkJJ (jl ' SjA-otic, ^ ABCD — 5L-A — iktjjj 

; ulbll^ I "AH" {.jjS Jfij 

A + B + C + D > ABCD . AH • ....(66) 

: 1 oljL=wj ija.!^ LrL ^A ABCD <-£jil oi^1 u^i) 

A + B >AB , AHj ....(67) 

AB + C > ABC , AH2 ....(68) 

ABC + D > ABCD , AH3 (69) 

A + B+C+D > ABCD , AHj + AH2 + AH3 ....(70) 

: (jU > Cjjliil JA>-.I-V]I ^juaA Uiloj 

AH = AH] +AH2 +AH3 .-(71) 
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<-.J>1 

» J&UlU (i;\ f fjj"ijjJall JS u* L^.,i.i<ij iajllJIj 5kLilil jl^il ,jl 

LjJS Sj^lj -LwlfUlj ?iLaJI ^jl ULL < LjjIj JJoj oljiaSk Sic jt ^ c Ij-uj 

, (jjSJLJI 

: _>3.l Vla4 jjJaJU >-5>^u • liUj 

jli-j NHjfg) jjl-Lijifl jLc , NH4Cl(iiq> . jvjjjj_sVl j 

: J.ylJtJI . HCl(g) 

: (oKJ^ u* ?£) '■ (JS*\ 

NH3(S) + HCl(g) > NH4C1(s) , AH, ... (72) 

NH4C1(s) + aq ^ NH4Cl<aq) , AH2 ' ....(73) 

: (jjiljL*!! «. r, -^ lj 

NH3(., 
+ HC1(e) + ^ NH4Cl(Bq) . (AH, ,+ AH2)  (74) 

■ + AHj ) J-* <3j>lall ftii jjJull Jjj 

: ^ (Z) : ZliJaU 

NH3(E)+aq >NH3(Bq) . AH 3 ....(75). 

HCI(g) + aq ^ HCl(aqj , AH4 ....(76) 

NH3(aq)+HCl(aq) > NH4C)(ttq) , AH5 " ' ..'..(77) 

oVjUIl 

NH3(g) + HCcl(aq) + aq > NH4CI(aq) . (AH3 + AH4 + AH5)... (78) 

■ (AH3 + AH4 + AH5 ) jA tlJjJaJI 4 jj jjAJJI oi l/i 

J^LaJ ouiA LaAj < ^ l^uij Jjjk isjLJIjiJtUllI jl^ll J,1 ikvaj 

: JjU 1 cullll 

AHj +AH2 = AH3 +AH4 +AH5 .,..(79) 

: j*l J^U 
rj^iSJtiJI ^ja.L A^UC ,> jjjSL iu^l ^(i jlc jjU , JJjS 

: (S^i, ijb* J (2): Ui>ll 

^-(gfaphite) + ^2(g) ^ ^2Cg) » AH = - 393.5 KJ  (80) 
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C'-r1' ■ 

C^h,.., + j 02(g) > COte) . AH, =- 110,5 KJ  (81) 

coie) + Y 02(8> ^ C0W ■ AH2 = " 283-0 10  (82) 

C (graphite) + ^2(g) ^ ^2(g) 

AH = AH, + AH2= - 393.5 KJ  (83) 

•LltLsui.! jl^ll jLjaVI iiVI i Culj yOJAjjUl dp ' 

. JS ^ 8.ii.fl'i <ajljllj 

dul-LJl tijljaJ! qaA 03^(2 fj^eu Jijla-* *&* 

: (10) Jli   

jljjo-l Sjlja. dJj^} < tflljla.! 5jIjja- Cy> |CH4j u^-' j^- uii^ v 

0) C(graphite) + 02(g) ~ ^ C02(g) ' AH2R8-K=: " 94--0 cal 

(2) 2 H2(g) + 02(g) >2H20(]) , AHjgs'i^ " *36.0 ea 1 

(3) CH4(g)+ 2 02(g) > ^32(g) + 2 ^20^) , AH2gg-jc= - 212.6 cal 

^ ^LSoil jU. ,> Aa.lj ^(^a. (£>?. o^Si. Uait isJLiJI Sjl^JI ^ ^LV1-1 £*• di& 'j1^ 

; •LJll]! <J j L«-<JJ lajlt i 

^(graphite) + 2 H^g) ^ CH4(g) , AH2g8-K= ' 

aiil <_0-uaJ,i LiS^iJ ' SUaxtl CjVaLiil j-0 Jj^aaJ) uIajj 

31-1 all I j| jll ^1 iijLa. . 4JJJSJ 4JjUl IS-ik (jlAjil jli- ^*^1 LJLUJI oVjLail 

j^ajl J ■ (3) <JjlaJ.I (A < (2 , 1) (joiljlxll ^j| ^ '• uP ij-® U-'-"-*.' iX* 

Ji^-»-> j < 

^(graphite) + 2 H2{b) » CH4(e) ' 

AH288.k= - 94.0 - 136.0 + 212.6 

AH2sg-K = -230.0+ 212.6 

^Hags'K^ " 12-4 cal. 
, (-17.4 cal) ^ odJ^ sj^ ul c5' 
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'—jjl•La-SJI 

: (11)^15—« 

: JLJI (AH) ^ Jfull ^.1 

2 C(S) + 2 H2(g) + 02(g) ^ CHjCCXDH^i) , AH28g>[<= ■ X cal. 

: urAj • JcUlll (ji jljll jljaa.1 

(1) C(s, + 02(e) ^ ^2(g) ' ^288-K- - 94.05 cal 

(2) H2(gj + — 02(g) ^ , AH2g8cK =" 68.32 cal 

(3) CHjCOOH^, + 2 02(g) > CX)2(g) + 2 H20(l) , AH288.K= - 208.34 cal 

: J J-l 

<UjL*_4 Lyjiu dLlAJl (jAa.Tfc 1-jtv.LirtU "X" La_ij ■ ■!   

. Si In* I i CtVjlxtl ^ (jjjil iljllUJ ^(] ■ I■ " 

JJLJI {-AAJI Jj-aU. ^ (3) iljUl (A < L^JUS^J « 2 ^ (2 , 1) jjjjJjUil ^ ^J^AJ 

: yjUJ.1 ^ 

2 C(s) + 2 H2{g) + 02(g) > CHjCOOHfu , AH288'K= -116.4cal. 

yj "LajLillj ileLi-ill jljil Jjj , 1jA. n ->H (jj^J SJjLiJ. Loloi tljLui <JjLil1.I AJJJ jjl ,t,. -> 

Jji ,jll> ft_n U^-1 < CaLill J-waUJJ (juifc lS^^" U< " * ' <11-^ (ji I 1} ■ ■■ a'l 

"Ujl—X <-0-1-1 yjlSj (-116.4 cal) 1 ail.fcJI qVjLlII ^ 

.SlUll 

. X = - 116.4 cal : -,l ,/i 



  —   c'J"   

rt ol r JJUu^j .lLLujI 

: ^au Lui — 1 

. Sji^aJl aJjLLJI oilt-Lijil * 

. SjljaJJ <JoU I Ojlc-lall 1 % 

f SjLL "LijIjaJI <JLi_uJI La — 2 

9«Ljl i SjU. Aac^ill Sjl__^JL jjdofll.l La — 3 

__)»tiil.l La — 4 

j».1 i^" . „l . <atU"l 1 I Sjjj^JI ^uLS L^J ^ i Aj~ 4 -j--' — 5 

S *u-iLli I v_sjjLJ L aj^oill La — 6 

^ JtUllI Sjlja. La — 7#^ 

i >—ajc — 8 

• Ui)^' * 

• ♦ 

, JjltUI 5__)l* 

• O^J^' 'J'J3, * 

i <Jjyi «uLoi jjla^.L-taj tj-jllil (jyi_ila«H — 9 

^ J' jl (jjjij <jLla La — 10 

. ^LaXII JtlilJI Sjl^>a. ^ j5y: ^jll) tUljail J^jl - 1 1 

, ^Cp j OjL .,La,«,i.A Sic. OjljiJI |CVJ OjL jit — 12 

, jtiajuj "cp
u rCy" 

, Sjl^o. J-Jjlj (jiliL — 14 

ajc. <j(J.la-I Sjlj-a. lijLS Ijl < 25 C aj£.J lijlj ^ -a -lie. tiLjJ^uJI (jAaft. ■-'*n->.I — 15 

: Lie. < (- 771.4 cal) ^ culi 

R= 1.987 L. atm / °K mol 

aoiijU pill ,> (1.2 Kgm) ^jic. ^ ^jLaj^ J^.Uj - 16 

Sjlj-ailj i 2.21 KJ / 'C fjjk j« ui.nll 3jjI_>JJI (ju Laic.. 25 C 20 C ^ya 

.(4.18 J/gm0c) ^jpLJI 

, JcUaJI I jji L)-0 ^■*LL'<U ojI t_uA*a>l 

JS ijjyii iijJi-o tya < 250C Jlc elilj (JaLaaVI - 17 

; LJLII <JjLxaJJ liLJa <s2>Llllj <JciiU! jljll 0^ 
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_ UulJ-\ .U-S3I  

C2H4{g) + H20(I) > C2H5OH(1) , AH; = ? 

AH; 12.5 Kcai - 68.6 Kcal 66.4 Kcal 

; jJaliJI jijil |aH j (jJljJI iJcliill I_ima.l — 18 

Pe2^3(s) + 3C0(g) >2Fe(s) + 3 C02(g) 

ah; -196.5 Kcal - 28.4Kcal 0 - 94.IKcaI 
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