
� 1. ���';flif� � �cfiltj �iqqq,(01 �mumoorfct;lrr� 
lfcliffl"t? 

� �1!����q;y�fcpm\ij@Tt��m-;q;(� 
"llT i'rl) � � � � t1

� �•�el�e (Fe:P4), � (Fe:P3), Ri,g'<i�e (FeC03)1 

� 2. ��Rll'I ��-q�q;r�lfficff? 

� � faft't it � � it � � � Si02, Fe:P3, Ti02 � cm
� '<itU4Picf> �an am 31q&)tJ � it "llT Y,cl-1iih.•1 �it� fcpm \ij@T t1 

� 3. 3ifitfsfiltl Cr203 + 2 Al � Al203 + 2 Cr; (&G0 = - 421 kJ) � fiiiR
� ltR � � t fcfi 3ifiifsfi41 &&.11• ,Rti:61 � �mn:i1qq t, � "lffl" c1;�:n,rcr 'tR 
���wftt? 

� ��it� om t. 3@: � "q,19 cJTCJ 1R ��<JR� t1 
\:h&il•iRlcGI � � � � �an � � � � � it � � � 
�tlq�4cf>dl � t � � mtR � ti

� 4. � � m:q f � � � qf(A,tqfa4f -g 4•.flr.illl'I, Al203 qij 3iqi:4f4d
qi{� t � AI, Mgo qij cift? � qftf�FaitT �-m t-1

� �� 3ffi.-m��mmtfcl>AI 3lR Mg cfiP��cpl 1350°C 
(1623 K) � cfflca' t � mtJ � .fra � mtJ � Mg, Alp3 cpl� cfR ffl>cfT t 
� � � mtJ � Al, MgO cf>T � cfR ffl>cfT ti 
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� 1. �cfiT� t?l�,i)t:tlgch4lfRT��t, 'tR'11Rcfi"'=:frr-;ml olJRg.lf 
�I 

� Zn2+ /Zn�� E° cf>T llR (- 0.76 V), Cu2+ /Cu�� E° � llR (+ 0.34 V) � 
cf;ll t 3@: m WR>f �ti� cf>RUT � Y,c-t•Wftc-t °ficfR "fi � Cu2+ 3ITTAT 
cpl3ITTWfi��cJR�t1 

[Cu (CN)2] + Zn � [Zn (CN)2] + Cu J, 
�� 31qa)tr 

3@: m q;J � � am c11ft f<l>m vIT ffl>cfT t � m � WR>r 
� � Ca, Mg, Al � � m1 � "& �1%) � � � "ffl H2 TRI
� m t1 � J:l'cpR -4 ��cpl �-.:r@� 3lR mcf>T � 
� aRl � f<l>m vJT �I 

�2. ���'q�'q,l"��t? 

� � � fcrtEJ "fi 3TcAlfcffl q;J � en � � cm l!� -� -q
fcnmvJTcJTtl ��"WcPR���cm�lt3TR��t 
� � "WcPR � � � cm � lt 3TR � t1 '3Gii:;-<0ifcl'<'lq, NaCN 
� � t1 � � � � ZnS cm � lt 3lA � � t � PbS cm� 
lt 3lA � t1 

� 3. � GTU 311¾1�-s � 'q,1" amlT � � m'it cfiT � � 
q;fcr;r�t? 

� CS2 3lR H� � � lt Cu� � � A1G0 cf>T llR � mtTT ti 3ffi: Cu� 

(qi<l-<i��tl) � °(fl i:;l��'1vt1 aRJ � � m � ti

2Cu�+C �4Cu+CS2 (�: �) 
Cu�+ H2 �Cu+ H� (3R<ffi: �) 

�CO2 �� lt cITTtR � � � A1G0 cf>T llR cp1=f ti 3ffi: � 
�cpl� �am��1tfflfcfu mt��� 
"ffl t1 
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2Cu� + 3 02 1{uf-;, 2Cu� + 2S02 .1 

2Cu� + c � 4Cu+ c92 (x=cm: �) 

�4. oZffigZU� 
(i) � qf{&fi{Oj (ii) ffi qofclf&cf>l

� (i) � qRtq;\{Uj � � mg31T t" � c61 fcrti)" t1 � � cf>T �

� t fcl; � c61 � mg� om � c61 3N8:TT "l1fmr � if 
aT1mf; M t1 � � it, � mg c61 � t- � fcn-:rR � � 
� qfCfcp ('f1TT � t1 � � qfCfcp t" � 3T3J � if � 
� t1 * mg qfCfcp � lfuJ � ltt,:reffta m \Jfffil t � � 
� TIT&J �if� ufffil ti� JITT);m qi)�� if �ETR 

� vJ@T i, 3ffl if�� t- � fcn-:rR � � m ufRfi t1 � 
cfflcc1R � cJR � vJffiT t1 � � � � � 3Tia � � er@ 
31ct:ill<.>tcffl q2TT 3Rr 3TTa * mg31T; � �. fflffict>l.=t, iITTFJ, � 
0� � "cf>T JITl<J � t- � � � t1 

CJCXJ 

(ii) � qa{JIR!J� � � � � � 3mnfto t fcl; � �
�� t-� cJcqij q)f � �-3@71 mm i, �� qi) � � 

�� if �vf@lt \ill �if� �ti �if�
tfccp �-� � 1R � m \jfffi i, "ijJG if ��qi)

� � am f;l'lfflfmJ cJR � vJffiT t1 � � c61 � � if
ffl c61 � if Al�3 cJ>T � � � vJffiT t � � � �

� q)f ��mm t. ��if mm i,
���IR lffi:fT if� ulR er@� "ij; :gf%ct>-<0i 31R * � ulR er@
"ffiq o� � t- m114Plq; 1JUIT if aT1mf; � � � c61 � if,
:gf%cf>'<Oi tp ���ti
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-�

(b) 

�fqftl 
'ffl'A1 qufJl(a� cfjJ oQq'C€4jfflcp � 

ffl � 3TTm 'ij, � CO(CO � CO2) � C(C �CO2) 'ij, �. t1,G0 

� T 'ij, llt2J � � cUf> ��-ct,) 983 K mtT lR cITTca t1 (C � CO2) 'ij, �. 
f1G0 'ij, 1fR � (CO � CO2) 'ij, � l1.G0 qij 1fR � ti � 3T2l t, 983 K mtT 
'CR <TT�� mtT 'CR q;)q; (C) � � � t � � � mtT 'CR CO 
��t1 am: 673K mtT"CR co, c���� �t1 

JN.t 6. cfiftR � �-� w:Ff 'q � 'tfcf; 'q oClft:ern � � � � 
�'�cm� oClft:ern mat? 

ffl cpJJ fih41�e1 � � � � �. Rtcl1Pt4'1, e@ffe4'1, �. fl 
���tjcp11-cr£tvffcfit1 ���tfcl>cpJJ fih41�e1 �'ij,� 
��'CR�� m � t � � 'ij,� � -cjq,'ij,� 11 � m 
vffcfi t1 � "CR <f>TCR mg���� m<fR cu

2+ 3WA 1R@T t1
� "CR, Cu(s) � Cu2+ + (aq) + 2e-

� � � � � � 

JN.t 7. � (ffl) ����� ��� �-ij�q@t 
3iMMilll3Il cfil' �I 

ffl cfR'lTf � 11 � cm;ft �3TT -ct,) �� 11 Pt441jtii'< � "Gfl � t1 
cfR'lTf � 11 � mtT � 'CR (500 - 800 K) 

(i) 3 Fe2O3 + CO � 2 Fe3O4 + CO2
(ii) Fe3O4 + 4 CO---+ 3Fe + 4CO2
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(i) Fep3 +CO� 2 FeO + CO2
� � ll '31;q cfTCJ� lR (900-1500K).

(iv) C + CO2 � 2 CO
(v) FeO + CO � Fe + CO2

� 8. Fircn�"ij'Fircn��-ij�q@f <l�llfAcfi 3iMfsMl3iicfil�I 

� ����"ij;�"Jt�q@l��Jfq,Rt 
(i) ffl 2Zns + 3 02 � 2Zn0 + 2 S02
(ii) � ZnO + C � Zn + CO

• 

� 9. "cfiftR� �-ijfu@q;rqft ��I 

� <mtR � � 1t � � Tf11,cp q;r q;m � t1 � � (� � 
�) � wt � � "iATcfr t1 <mtR � � ll FeS � � � 1t 
mmt1 

2 FeS + 3 02 � 2 FeO + 2 S02 
i'm 

FeO + Si02 � FeSi03 
i'm . � � � (�) 

� 10. q of� risic:f;l qc:: cJiT cfllT � i? 

� q'"Ol-� .m1tic:.'uuc61 � (Greek; Chroma = � m q'"Ol, graphy=mFJ) cpl 3T� 
t � �I � 1t � � cpl � � � � � � WR -am 
1I�"ij;��\jf@J�������� 
� �� '4l fclxrr \if@Jtl 

� 11. qof�f&c:f;l if����'ijcfllT��'11@*? 
� �= quiJ!ftt� 1t � om � 1t � � cpl � cfR'"ffi t1 � 
�:!°l�� 

(i) � � � qx0iitiicfi m.fr �I
(ii) � � -cf>) � � m �� 1t � fclffil "EJccp � �

��qR";ft�1
(iii) � 3TRJAT ��weft m1

� 12. �'ffl'-FJ-qftfcritr�I 

� � 'SliP1I � ffil)Jl ll � -qi) cfil4'1i<ffil�6 "ij) � ll '1f4 ffl � � 
� e.�lcfiliffPlc1 � iR "f@l ti

Ni + 4CO 330-350K [Ni(C0)4 ] 
� ��1q;1tUPtc.-1 
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� ct>1aifPlt1 -ct>) atN � mtJ "CR 7Tlf ctm) t � � � � � � � 

�ti
[Ni(C0)4] 450-470 K Ni + 4 CO 

�mg 

� 13. � � isffcNti-c! �-q � � � � � � �cfiffl 
t? � � e4lcfi(Oj tTI' 'ffl �j 

� � � t" � � � �: �� 'cf>l � cfRa t1 
�ffipl{���t, 

(a) � if �: Si02, � �. � e1�ePl4'1 �
(Ti02)� �lITTfi tt � �q;) �l9�-'1�� mtJ � 35-36bar
GliJ "CR � � sl��lcffil�'5 � � � ctR � cfRa tt �
1r<PR Al203 ����if (Si02 � � � t" �
if)�� i;Jrny t � � ffi � vf@\ t,

At203(s) + 2 NaOH (aq) + 3 HP(/)----+ 2 Na[AI (OH)4] (aq) 
�-« �� 

(b) 3fq � if CO2 1ffl � cfRa t � � � 1ff.U "ffiul1 eFf Gfoi4)Ri!a
��Pt4'1 � � � t -urr ��cm� cffilT t,

2 Na [Al(OH)4] (aq} + C02(g)----+ At,P3 · xH,P(s) + 2 NaHC03(aq}
_(c) � � � if � � � t (� � t" � if) � 

utcl4'1Rila � t- � <f>1 UFfqR, �. � "d2TT l'l1f � �: � 
Al203 1l1l(f cJRa 61 

Al203 · xH,P(s) 147° K Al203(s) + xH20(g)

�14. ����q�"q��, 

1. � -ct>) crrg <rr � � � � <m � "lJT � � 31:Jq�m
if l'f'f ffl t, "lJT � � � � 7A cffi' t

2. � � � � t- � � � 'cf>liIT-re � t- �
�\ij@Jtf �\ij@Jtf.

3. ��t"�S02�ma)t1 mg���C02mq.;y�t1
4. � �

2ZnS + 302 � 2Zn0 + 2S02 i ZnC03 � ZnO + CO2 i
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� 15. ����-a�1rcfiR:�moTt? 

� cpi;qJ � (fittl �) cJRm � � JITC<f � � � � 1l �1fll 4% cf>TiA 
mu 3RI � � S, P. Si, Mn � �� llF-fr ll � mtfi t1 
� � � �� ffi cm. qra) �cm��-�•����� 
� eR'I ftltfollcf>'< � � \jffcJT ti � � cf?t cf>TiA (�1Pt 3%) mm ti � 
31fa cf>ON 3fR � mm t1 

�16. �aiR�-qoR(\��, 

� 

1. �ll�ffi��vJA� ����cf>T1l�
-<l�flttPtct>�{mg��). �\:Tlg mu �. wP@T � mu
� mtfi t. � � i1 � ffi � 'ffi� m. fcpm 

vrr � m. \ffi � � i1 
2. �����ti ����ti 
3. � �. Al2')3 · xHp � � �. Al2')3 · xHp

� (tt,4)� .. u�e), Al2')3·2SiO2·2H2')

� cf>l'R � 1l �: CuzS 3lR FeS ·mm ti � �. FeS � cffl � 
ffl �� <f>ltR 1'c cm� "Wf � � �11 � � crrg � � 
� cp«t t1 � � cf>T cJ>m q;«fi t mu il7T FeO � mwi ctR � 
�ti 

2 FeS + 302 � 2 FeO + 2 SO2 
� 

FeO + SiO2 � FeSiO3 
� �(31m-J�)

� 18. �ef.:tf.14'1��if sfil<flt-'ti*c!qijcflfl�t? 

� �cjf&!Pttt'i mg JITC<J ffl � � Tf1mr � cf>T � �� am 
� \jffcJT t (�-� ffif>lJ)I � � cf>T � � (2323 K) mm t1 � 
� sf>tll)&l�e (Na3AIF5) -aQTI/m %,)H:ql'< (CaF2) � '1f@T t �

(i) � fq� � � cm cpiJ ctR � t1
(ii)� fq� cffl � cf>T � � � t1
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� 19. f;ri:;f ��qff-q{ ����fffi<nq;)���t? 

� � cfflfe (�) � � cf>1'CR '<f>J � �hg�)�ig<t>4 aRT cm) �I � 
� m � "ij,� ���cm)�� cu2+ 3WR � � � 
��mH2��cfR'@tl 

Cu2+(aq) + H2(g)---+ Cu(s) + 2 H+(aq) 

� 20. co qiJ � cJ;ffl W{ � 'IDU 'Rifq; 3ilcffll�6 'ij' 'Rifq; qiJ � 
cp;n ";fflT � \i1@T t ?

� Zn -cf>) ZnO � � ffl "ij, � A,G0 '<f>J lfA - 650 kJ � CO � CO2 � 
� :ffl 'ij) � ArG0 '<f>T lfA -450 kJ ti 3IB: 

2Zn + 02---+ 2Zn0; 
2CO + 02---+ 2C02 : 

AG0=-650KJ 
AG0 = "."'"450KJ 

3IB: 2 ZnO + 2 CO ---+ 2 Zn + 2 CO2 ; AG0 = + 200 kJ 
Ar(3°'<f>J �lfA � '<f>«l'T t fcp ��:��ti� cJ,RUJ t fcl; 
CO'<f>T�ffl������m'<f>J�.;@� 
\iflmf>fflt°I 

� 21. Cr203 ����A,0°qiJlfR-540 kJ mol-1 "tc1¥U Al203 �
� -827 kJmor1 ti q:llf C1203 qiJ � Al 'ij' � t?

� GFrr xh&ii-<itUqfrlq, ti4'lcf>-<0ri cf>T � � � \ifT m1>m t1

(i) �Cr(s) + 02(g)---+ g_ Cr203(s) ArG0 = -540 kJ 
3 3 

(ii) �Al(s) + 02(g)---+ g_A,p 3 (s) ll1G0 = -827 kJ 
3 3 . 

� (i) -cf>)� (ii) � tJcA "CR, WT� ffl � 

g_Cr2')3(s) + �Al(s)---+ g_Al2')3(s) + �Cr(s) ·A,G0 = -287 kJ
3 3 3 3 

ll,G0 '<f>J -::ff.Dllc'-lcf> llA � '<f>«l'T t fcp � �: � t, 3@: �(jfllfrlq'l '<f>l 
"fflTr Cr203 "ij, � "ij, � � \ifT m1>m t1 

� 22. C q CO -ij � ZnO � � cfiR-m 3iq=q1<-1cfi � f?
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llll1I 31filfil;c11 ZnO + C � Zn+ CO; � T 1120 K � � t mm t 'ffi � 
���1 A,G0 q;J�q;rqfr�muf@Tt 

� 31filfil;41 ZnO + CO � Zn+ CO2; \jJif T 1323 K. � � mm t "ffi � 
� � � A,G0 q;J � q;rqfr � m uf@T t°I 
� � � �. � crrq W A,G0 q;J � -3ftllllf'icf> m uf@T t°I 3@: � 
� � t, � C, ZnO � � � 31iSl � t, CO �I 

lN.f 23. � fcwf � if atq,1414q; qiJ � a,sina1Rti:fi1 � 'tR � ti
31Jtr�qi¥.R��aq;�,t? a:ftRlffl��if ���I 

'im ����t°l��W��t 
AG = /lH - T AS 

AG0 = - RT In K
� fctffi � \ii) mg��� -q � qjJ cffl<i qRffl t, "ij; � 

.(i)·AG qjJ � -:51iOjjfiiqj -� �I 
(ii) AS q;J ����I
(iii)� 31Tffl 1l .frij -ra -im mg ®<Ml�'51 q;J � \R mg31T GRT

� � t � mg3Ti � � \n'CR -ra -im t1
(�"ij;�� 21 afR 22�\iffi�I)

lN.f 24. ��q;r���cfflRR t4i?dNl«��'q'SlfC<fmffl''tl � 
1Fll� NaCl ���cfil�-�fcfi<tr�I 

l'i-1' (i) � ll1IPI (� Qlg cffT 3ll&)filct, f.linul) -q � � � � �
1l ��ti 71f&J NaCl q;J �� m-' W � � W � � 
�w�mmt1 

2 NaCl(/) �-� > 2 Na + + 2 cI
� 

�w 2Na + +2e-� 2Na (s) 
�w 2c1-�cI2+2e-

(ii) NaOH "cbl f.tinul NaCl � � � q;J � ffl W �
W Na + 3TIWIT � � 1l H+ 3TIWIT q;J 31tfmA mcrT t � � W H2
fm � � tI Na + amr-t � 1l � t � m, 3TIWIT � �
NaOH � ti � fm �6'3t<IIG � � 1l � W � � t°I

NaCl (aq) � Na + (aq) + cI-(aq) 
H2O�W (aq) + OH-(aq) 

2 H2O(/) + 2e-� H2(g) + 2 oH-(aq) 
cI-(aq) � Cl(g) + e-
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2 Cl(g)---+ Cl2(g) 
� 1f Na +(aq) + 0H-(aq)---+ Na0H(aq) 

� 25. Q.<tJ:fi:IRltii �� �-q��cfftcp;tf �t? 

� � (llf&J) � 3TCIWA � � mf>Jf (�-� mf>lf) 1f � � 
�cf>JcJ>mcfR"8rtl�"Qx"����cf>JiA���C02

� � cfR"8r ti � WPR �(jfllf.!14'1 � � � � � � � � 
� cf>J "WT1fll 0.5 � cf>JiA vR1" '1f@l t1 

Al203 �2 Al3+ +. 3 o2-
Al3+ + 3e----+ Al 

3 02----+ 3[0] + 6e- ]x 2
30+30---+302

C + 02 ---+C02(g) 

�26. Ri:.tfclR!!id�IDU'TigaTI�"ffltR��qft��I 
(i) � qf<&:fi{Oj

(ii) �-� qf<&:fi{Oj
(iii) qJ&f � qf<&:fi{Oj

� (i) � 4Rti61<01 � � � � "Qx" � t f<l> � � � 
mg� om � � 3W� l1f&J � 1f � � t1 

(ii) � 4Rti61<01 � � cf>J � q)ll fih41m>J('1 mg311 � �
TTPm '1f@l t1 � � mg cf>J � � � mg � � mg � cm
� c61 � � � t1 � � ffl "Qx" � � mg� vJ@)
i m:rr � mg � "Qx" \jf1fr m "Gfrcfi t1
�"Qx" M�Mn++ne-

�� 

(iii) cfllll � 4Rti6'(0j � � � � Pli:.t�ft.d GT �jq!Wfidlq mcfi t
(a) ����mg��� m cf�
(b) � �� 3Tmr-fi � � m "ffcmIT t1 � mg 3Tmr-fi � �:

mto� vJT �I

�27. �qR�@<fiq;r���Al,MgO"cfil�<R�t1 

� A1 � Mg GFTT � � m c61 '(1�"1cfi-<01 � J:tq;'R t1 

�Al(s) + 02(g) � �Al203(s)
3 3 

2 Mg(s) + 02(g) � 2 Mg0(s) 
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� 31Tffl � lR � "IDcfT t � Al2O3 afR MgO GFfT "ij; qjti ��cm�
� � lR cJ>Tca �I qcj�Pt�'i mg &RT MgO "ij; � "ij; � � � �G0 

q;J +fA � m uf@1 t1

2 MgO(s) + �Al(s)�2 Mg(s) + � Al2O3(s) 
3 3 

�amt� 1665 K � q,if cfltJ lR MgO q;r �. Al &RT� m � t1 tRg 
� 1665 K � q,if cfltJ lR Mg, AltJ3 q;r 3NiflA <JR� ti 
Al� 1665K � �cfltJlR MgO cm Mg �3ltli@@<JR�t� MgO � 
� � Al2O3 "ij; � �,G0 q;r +fA q,if t1

3 MgO(s) + 2 Al (s) T > 1665 K Al2O3(s) + 2 Mg(s)
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