
 

 

 
𝒅 f.dkqfõ uQ,øjH j, .=K yd wdj¾;hla Tiafia tajdfha úp,kh 
𝑆𝑐 isg 𝑍𝑛 olajd uQ,øjHj, f,dayl wrh" úoHq;a RK;dj yd whkSlrK Yla;sj, úp,kh 

uQ,øjHh 𝑺𝒄 𝑻𝒊 𝑽 𝑪𝒓 𝑴𝒏 𝑭𝒆 𝑪𝒐 𝑵𝒊 𝑪𝒖 𝒁𝒏 

f,dayl ^mrudKql& wrh /𝑛𝑚 0.16 0.15 0.14 0.13 0.14 0.13 0.13 0.13 0.13 0.13 

úoHq;a RK;dj^f.da,Sh mßudkh& 1.2 1.3 1.45 1.55 1.6 1.65 1.7 1.75 1.75 1.6 

m<uq whkSlrK Yla;sh / 𝑘𝐽 𝑚𝑜𝑙−1 +630 +660 +650 +650 +720 +760 +760 +740 +750 +910 

fo jk whkSlrK Yla;sh / 𝑘𝐽 𝑚𝑜𝑙−1 +1240 +1310 +1410 +1590 +1510 +1560 +1640 +1750 +1960 +1700 

f; jk whkSlrK Yla;sh / 𝑘𝐽 𝑚𝑜𝑙−1 +2390 +2650 +2870 +2990 +3260 +2960 +3230 +3390 +3560 +3800 

 

𝐾 isg 𝑍𝑛 olajd uQ,øjHj, fN!;sl .=K úp,kh 

uQ,øjHh 𝑲 𝑪𝒂 𝑺𝒄 𝑻𝒊 𝑽 𝑪𝒓 𝑴𝒏 𝑭𝒆 𝑪𝒐 𝑵𝒊 𝑪𝒖 𝒁𝒏 

mrudKql wrh /𝑛𝑚 0.24 0.2 0.16 0.15 0.14 0.13 0.14 0.13 0.13 0.13 0.13 0.13 

øjdxlh /℃ 64 850 1540 1680 1900 1890 1240 1540 1500 1450 1080 420 

;dmdxlh /℃ 770 1490 2730 3260 3400 2480 2100 3000 2900 2730 2600 910 

>k;ajh/𝑔 𝑐𝑚−3 0.86 1.54 3.0 4.5 6.1 7.2 7.4 7.9 8.9 8.9 8.9 7.1 

whksl wrh /𝑛𝑚 

 

 

0.130            

𝑀2+  0.094  0.090 0.088 0.084 0.080 0.076 0.074 0.072 0.070 0.074 

𝑀3+   0.081 0.76 0.074 0.069 0.066 0.064 0.063 0.062   

fok ,o o;a; wkqj 𝑑 uQ,øjH j, >k;ajh 𝑠 uQ,øjH j,g idfmalaIj by< w.h .kS' tneúka ish¨ 𝑑 uQ,øjH 
ner f,day jYfhka i,lkq ,efí' 
 
 
𝒅 f.dkqfõ uQ,øjHh j, fmdÿ ,laIK 

1. 𝑠 yd 𝑝 f,day uQ,øjH j,g idfmalaIj by, øjdxl ;dmdxl mej;Su. 

2. 𝑠 yd 𝑝 f,day uQ,øjH j,g idfmalaIj jeä oDv;djhla mej;Su.   

3. fydoska úoahq;a yd ;dm ikakdhl;djh oelaùu. 

4. wvq mrudKql mßudjla yd jeä >k;ajhla oelaùu.  

5. úp,H TlaislrK wxl fmkaùu.   

6. ix.; ixlS¾K iEoSu yd idok ixfhda. fndfydauhla j¾Kj;a ùu.  

7. f,day yd ixfhda. W;afmarl f,i yeisÍu.  

 

bf,lafg%daksl úkHdih yd whkSlrK Yla;s i,lñka by; .=K úp,kh myokak. 

  

 𝑺𝒄 isg 𝒁𝒏 olajd uQ,øjHj, TlaislrK wxl ^iq,n TlaislrK wxl ;o l`M wl=ßka olajd we;'& 

ixfhda.j, oS 
fmkakqï lrk 
TlaislrK 

wxl 

𝑺𝒄 𝑻𝒊 𝑽 𝑪𝒓 𝑴𝒏 𝑭𝒆 𝑪𝒐 𝑵𝒊 𝑪𝒖 𝒁𝒏 

   (+I)     +I  

 +II +II +II +II +II +II +II +II +II 

+III +III +III +III +III +III +III +III +III  

 +IV +IV +IV +IV +IV +IV +IV   

  +V +V +V +V +V    

   +VI +VI +VI     

    +VII      

Question 
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iq,n Tlaihsv 

𝑺𝒄 𝑻𝒊 𝑽 𝑪𝒓 𝑴𝒏 𝑭𝒆 𝑪𝒐 𝑵𝒊 𝑪𝒖 𝒁𝒏 

𝑆𝑐2𝑂3 𝑇𝑖2𝑂3 𝑉2𝑂3 𝐶𝑟2𝑂3 𝑀𝑛𝑂 𝐹𝑒𝑂 𝐶𝑜𝑂 𝑁𝑖𝑂 𝐶𝑢2𝑂 𝑍𝑛𝑂 

 𝑇𝑖𝑂2 𝑉2𝑂5 𝐶𝑟𝑂3 𝑀𝑛𝑂2 𝐹𝑒2𝑂3 𝐶𝑜2𝑂3  𝐶𝑢𝑂  

    𝑀𝑛2𝑂7      

 

iq,n laf,darhsv 
𝑆𝑐𝐶𝑙3 𝑇𝑖𝐶𝑙3 𝑉𝐶𝑙3 𝐶𝑟𝐶𝑙2 𝑀𝑛𝐶𝑙2 𝐹𝑒𝐶𝑙2 𝐶𝑜𝐶𝑙2 𝑁𝑖𝐶𝑙2 𝐶𝑢𝐶𝑙 𝑍𝑛𝐶𝑙2 

 𝑇𝑖𝐶𝑙4  𝐶𝑟𝐶𝑙3 𝑀𝑛𝐶𝑙3 𝐹𝑒𝐶𝑙3   𝐶𝑢𝐶𝑙2  

 

 

𝒅 f.dkqfõ uQ,øjH yd tajdfha ixfhda. l¾udka;j, oS W;afm%arl f,i fhdod .kakd wjia:d 

𝒅 f.dkqfõ 
uQ,øjHh 

W;afm%arl f,i fhdok 
øjH W;afm%arKh flfrk m%;sl%shdj 

𝑇𝑖 𝑇𝑖𝐶𝑙3/𝐴𝑙2(𝐶2𝐻5)6 t;Ska nyq wjhúlrKfhka fmd,s;Ska iEoSu. 

𝑛 𝐶2𝐻2
                      
→         (𝐶𝐻2 − 𝐶𝐻2)𝑛  

𝑉 
V2O5 fyda jefkafâÜ 

(VO3
−) 

i,a*shqßla wï, (𝐻2𝑆𝑂4) ksIamdokh - iam¾Y l%uh 
𝑆𝑂2 + 𝑂2 ⇌ 𝑆𝑂3 

𝐹𝑒 𝐹𝑒 fyda 𝐹𝑒2𝑂3 
wefudakshd(𝑁𝐻3) ksIamdokh - fyan¾ l%uh 
𝑁2 +𝐻2 ⇌ 𝑁𝐻3 

𝑁𝑖 𝑁𝑖 
wix;Dma; yhsfv%daldnk yhsv%ckSlrkfhka ud.ßka ksIamdokh  
𝑅 − 𝐶𝐻 = 𝐶𝐻2

                      
→       𝑅 − 𝐶𝐻2 − 𝐶𝐻3 

𝐶𝑢 𝐶𝑢𝐶𝑙 

iEkaâfïh¾ m%;sl%shd 
 
 

𝑃𝑡 𝑃𝑡 
khsá%la wï, (𝑁𝐻3) ksIamdokh - Tiaj,aâ l%uh  
𝑁𝐻3 + 𝑂2

                      
→       𝑁𝑂 + 𝐻2𝑂 

 
 
𝒅 f.dKqfõ uQ,øjH ix.; ixlS¾K iEoSu 
ix.; ixlS¾K 
f,day mrudKqjlg fyda Ok whkhlg iDK whk fyda Ok whk fyda WodiSk ldKav lsysmhla odhl nkaOk 
wdldrfhka ne|s ix.; ixlS¾K iEfoa  
 
,s.kav 
tfia nef|k iDK whk fyda Ok whk fyda WodiSk ldKav ,s.kav/nkaO f,i y÷kajhs  

WodiSk ,s.kav iDK ,s.kav 

𝐻2𝑂 − 𝑎𝑞𝑢𝑎 𝐹− − 𝑓𝑙𝑜𝑟𝑖𝑑𝑜/ 𝐶𝑙− − 𝑐ℎ𝑙𝑜𝑟𝑖𝑑𝑜/ 𝐵𝑟− − 𝑏𝑟𝑜𝑚𝑖𝑑𝑜/ 𝐼− − 𝑖𝑜𝑑𝑖𝑑𝑜  

𝑁𝐻3 − 𝑎𝑚𝑚𝑖𝑛𝑒 𝐶𝑁− − 𝑐𝑦𝑛𝑖𝑑𝑜 

𝐶𝑂 − 𝑐𝑎𝑟𝑏𝑜𝑛𝑦𝑙 𝑁𝑂2
− − 𝑛𝑖𝑡𝑟𝑖𝑡𝑜 

𝑁𝑂 − 𝑛𝑖𝑡𝑟𝑜𝑠𝑦𝑙 𝑂𝐻− − ℎ𝑦𝑑𝑟𝑜𝑥𝑖𝑑𝑜 

Ok ,s.kav 𝑆𝐶𝑁− − 𝑡ℎ𝑖𝑜𝑐𝑦𝑛𝑎𝑡𝑜 

𝑁𝑂+ − 𝑛𝑖𝑡𝑟𝑜𝑠𝑜𝑛𝑖𝑢𝑚 𝐻− − ℎ𝑦𝑑𝑟𝑖𝑑𝑜 

𝑁𝑂2
+ − 𝑛𝑖𝑡𝑟𝑜𝑛𝑖𝑢𝑚 𝑂2− − 𝑜𝑥𝑖𝑑𝑜 

𝐻3𝑂
+ − ℎ𝑦𝑑𝑟𝑜𝑛𝑖𝑢𝑚 𝑂2

2− − 𝑝𝑒𝑟𝑜𝑥𝑖𝑑𝑜 

𝑁+ ≡ 𝑁𝐶𝑙− 

       𝐶𝑢𝐶𝑙/𝐻𝐶𝑙      
→            

𝐶𝑙 
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idudkHfhka idok ix.; ixlS¾K m%Odk cHdñ;sl yev y;rlska hqla; fõ.  

ix.; wxlh cHdñ;sl yevh  WodyrK 

 
2 

 
 

 

[𝐶𝑢(𝑁𝐻3)2]
+ 

[𝐴𝑔(𝑁𝐻3)2]
+ 

 
4 

 
 
 
 
 
 
 
 

 

ix.; wxlh 4 jQ ish¿u ye,ck ixlS¾K 

[𝐶𝑟𝐶𝑙4]
− 

[𝐶𝑢𝐶𝑙4]
2− 

[𝐶𝑜𝐶𝑙4]
2− 

[𝑀𝑛𝐶𝑙4]
2− 

 
4 

 
 
 

 
 
 
 

 

[𝑁𝑖(𝐶𝑁)4]
2− 

[𝐶𝑢(𝑁𝐻3)4]
2+ 

 

 
6 

 
 
 
 
 
 
 
 
 
 

 
 

[𝑇𝑖(𝐻2𝑂)6]
3+ 

[𝐹𝑒(𝐻2𝑂)6]
2+ 

[𝐶𝑢(𝐻2𝑂)6]
2+ 

 

 
 

1. my; ix.; ixlS¾K j, jHqy w|skak. 

a. [𝐶𝑢(𝐻2𝑂)6]
2+  

b. [𝐶𝑢(𝑁𝐻3)4]
2+ 

c. [𝐶𝑢𝐶𝑙4]
2+ 

d. [𝐶𝑢(𝑁𝐻3)2]
+ 

 
 
 

 
2. my; ix.; ixlS¾K j, jHqy iq;% w|skak. 

wKql iq;%h ujq,hlg wod< 
whk ixLHdj 

ujq,hlg wod< 
𝐶𝑙− whk ixLHdj 

jH qy iq;%h j¾Kh 

𝐶𝑟𝐶𝑙3(𝐻2𝑂)6 4 3 [𝐶𝑟(𝐻2𝑂)6]
3+3𝐶𝑙− ks,a oï 

𝐶𝑟𝐶𝑙3(𝐻2𝑂)6 3 2 [𝐶𝑟(𝐻2𝑂)5𝐶𝑙]
2+2𝐶𝑙−. 𝐻2𝑂 ,d fld< 

𝐶𝑟𝐶𝑙3(𝐻2𝑂)6 2 1 [𝐶𝑟(𝐻2𝑂)4𝐶𝑙2]
+𝐶𝑙−. 2𝐻2𝑂 ;o fld< 

 
3. my; ixfhda. ish,af,aoSu 𝑃𝑡 yS TlaislrK wxlh +4 fõ. my; ix.; ixlS¾K j, jHqy iq;% w|skak. 

wKql iq;%h ujq,hlg wod< 
whk ixLHdj 

ujq,hlg wod< 
𝐶𝑙− whk ixLHdj 

𝑃𝑡𝐶𝑙4. 6 𝑁𝐻3 5 4 
𝑃𝑡𝐶𝑙4. 5 𝑁𝐻3 4 3 
𝑃𝑡𝐶𝑙4. 4 𝑁𝐻3 3 2 
𝑃𝑡𝐶𝑙4. 3 𝑁𝐻3 2 1 

M 

L 

L 

L 

L 

L 

M 

L 

L 

L 

L 

M 

L 

L 

L 

L 

M L L 
f¾Çh 

p;=ia;,Sh  

;,Sh  p;=ri%dldr  

wYaG;,Sh   

Questions 
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𝑃𝑡𝐶𝑙4. 2 𝑁𝐻3 0 0 

j¾Kj;a ixfhda. kssmoùu 
𝑑 f.dkqfõ uQ,øjHj,ska ksmofjk wdka;ßl whk i;=j w¾O jYfhka msreKq 𝑑 ldlaIsl mj;S' fuu whk u`.ska 
iqÿ wdf,dalhg wh;a f;dard .;a ;rx. wdhdu wjfYdaIKh lr W;af;að; wjia:djg m;a ù wkqmQrl j¾K 
fmkajhs' 
 

 
 
𝒅 f.dkqfõ whk c,Sh ødjKfhaos j¾K 

c,Sh whk j¾K  úhq.au 
bf,lafg%dak 

.Kk  

c,Sh f,day whk  j¾K 

 [𝑆𝑐(𝐻2𝑂)6]
3+ wj¾K  

[𝑇𝑖(𝐻2𝑂)6]
3+ oï  0 𝑇𝑖4+, 𝑆𝑐3+, 𝑍𝑛2+, 𝐶𝑢+ wj¾K 

[𝑇𝑖(𝐻2𝑂)6]
4+ wj¾K  1 𝐶𝑢2+ ks,a 

[𝑉(𝐻2𝑂)6]
2+ oï  2 𝑁𝑖2+, 𝑉3+ fld< 

[𝑉(𝐻2𝑂)6]
3+ fld<  3 𝐶𝑜2+ frdai 

[𝐶𝑟(𝐻2𝑂)6]
3+ ks,a oï  3 𝐶𝑟3+ ks,a oï 

[𝑀𝑛(𝐻2𝑂)6]
2+ ,d frdai  4 𝐹𝑒2+ fld< 

[𝑀𝑛(𝐻2𝑂)6]
3+ oï  4 𝐶𝑟2+ ks,a  

[𝐹𝑒(𝐻2𝑂)6]
2+ ,d fld<  5 𝑀𝑛2+ ,d frdai 

[𝐹𝑒(𝐻2𝑂)6]
3+ ÿUqre ly  5 𝐹𝑒3+ ÿUqre ly  

[𝐶𝑜(𝐻2𝑂)6]
2+ frdai     

[𝑁𝑖(𝐻2𝑂)6]
2+ fld<     

[𝐶𝑢(𝐻2𝑂)6]
+ wj¾K     

[𝐶𝑢(𝐻2𝑂)6]
2+ ks,a     

[𝑍𝑛(𝐻2𝑂)6]
2+ wj¾K     

 
 
 
,s.k iu`. idok ixlS¾K 

,s.k 
moaO;sh 

uOH f,day whkh 

𝐶𝑟3+ 𝑀𝑛2+ 𝐹𝑒3+ 𝐶𝑜2+ 𝑁𝑖2+ 𝐶𝑢2+ 

𝐻2𝑂 [𝐶𝑟(𝐻2𝑂)6]
3+ 

ks,a-oï 
[𝑀𝑛(𝐻2𝑂)6]

2+ 
,d frdai 

[𝐹𝑒(𝐻2𝑂)6]
3+ 

ly ÿUqre 
[𝐶𝑜(𝐻2𝑂)6]

2+ 
frdai 

[𝑁𝑖(𝐻2𝑂)6]
2+ 

fld< 
[𝐶𝑢(𝐻2𝑂)6]

2+ 
,d ks,a 

𝑁𝐻3 

[𝐶𝑟(𝑁𝐻3)6]
3+ 

ly 
øj 𝑁𝐻3  j, § 

idohs 

ixlS¾K whk 
fkdidohs' ta 

fjkqjg 
yhsâfrdlaihsv 

idohs 

ixlS¾K whk 
fkdidohs' ta 

fjkqjg 
yhsâfrdlaihsv 

idohs 

[𝐶𝑜(𝑁𝐻3)6]
2+ 

ly ÿUqre 
[𝑁𝑖(𝑁𝐻3)6]

2+ 
ks,a 

[𝐶𝑢(𝑁𝐻3)4]
2+ 

ks,a 

𝐶𝑙− [𝐶𝑟𝐶𝑙4]
− 

ks,a-oï 
[𝑀𝑛𝐶𝑙4]

2− 

fld< meye;s ly 
[𝐹𝑒𝐶𝑙4]

− 

ly 
[𝐶𝑜𝐶𝑙4]

2− 

ks,a 
[𝑁𝑖𝐶𝑙4]

2− 

ly 
[𝐶𝑢𝐶𝑙4]

2− 

ly 

𝐶𝑁−   [𝐹𝑒(𝐶𝑁)6]
3− 

ÿUqre 
 [𝑁𝑖(𝐶𝑁)4]

2− 
ly r;= 

 

 

iqÿ wdf,dalh ix.; ixls¾Kh 
iïfm%AIs; wdf,dalh ,dlaIksl  

j¾Kh 
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yhsfv%dlaihsâ yd tajdfha .=K  

legdhkh wjlafIamh 𝑁𝑎𝑂𝐻(𝑎𝑞) iu. m%;sl%shdj 𝑁𝐻3(𝑎𝑞) iu. m%;sl%shdj 

𝐶𝑟(𝑎𝑞) 
3+         fld< 𝐶𝑟(𝑂𝐻)3   ls,sá fld< [𝐶𝑟(𝑂𝐻)6](𝑎𝑞)

3−        fld<            _______________ 

𝑀𝑛(𝑎𝑞) 
2+     ,d frdai 𝑀𝑛(𝑂𝐻)2      ly iqÿ            _______________            _______________ 

𝐹𝑒(𝑎𝑞) 
2+      ,d fld< 𝐹𝑒(𝑂𝐻)2                 fld<            _______________            _______________ 

𝐹𝑒(𝑎𝑞) 
3+      ÿUqre ly 𝐹𝑒(𝑂𝐻)3           ÿUqre ly            _______________            _______________ 

𝐶𝑜(𝑎𝑞) 
2+        frdai 𝐶𝑜(𝑂𝐻)2       frdai            _______________ [𝐶𝑜(𝑁𝐻3)6](𝑎𝑞)

2+    ÿUqre ly   

𝑁𝑖(𝑎𝑞) 
2+        fld< 𝑁𝑖(𝑂𝐻)2       fld<            _______________ [𝑁𝑖(𝑁𝐻3)6](𝑎𝑞)

2+      ;o ks,a 

𝐶𝑢(𝑎𝑞) 
2+        ks,a 𝐶𝑢(𝑂𝐻)2              ks,a            _______________ [𝐶𝑢(𝑁𝐻3)4](𝑎𝑞)

2+      ;o ks,a 

𝑍𝑛(𝑎𝑞) 
2+         wj¾K 𝑍𝑛(𝑂𝐻)2             iqÿ  [𝑍𝑛(𝑂𝐻)4](𝑎𝑞)

2−      wj¾K [𝑍𝑛(𝑁𝐻3)4](𝑎𝑞)
2+       wj¾K   

 
 
ixlS¾K ixfhda. j, 𝐼𝑈𝑃𝐴𝐶 kdulrKh 

 
my; ixfhda. j, 𝐼𝑈𝑃𝐴𝐶 kduh ,shkak.  

a. [𝑀𝑛(𝐻2𝑂)6]
3+ b. [𝐶𝑢(𝑁𝐻3)4]

2+ c. [𝐶𝑢𝐶𝑙(𝐻2𝑂)5]
+ 

d. [𝑁𝑖𝐶𝑙4]
2− e. [𝐹𝑒(𝐶𝑁)3(𝑁𝐻3)3] 

f. [𝐶𝑟(𝑂𝐻)3(𝐻2𝑂)3] 

g. [𝐶𝑜(𝐵𝑟)2(𝐻2𝑂)4]𝐵𝑟 h. 𝑁𝐻4[𝐶𝑟(𝑆𝐶𝑁)4(𝐻2𝑂)2] 
i. [𝐹𝑒(𝐶𝑁)2(𝑁𝐻3)4]𝑁𝑂2  

j. [𝑁𝑖(𝐶𝑂)6] k. 𝐾2𝐹𝑒[𝐹𝑒(𝐶𝑁)6] 
l. 𝑁𝑎3[𝐹𝑒(𝐶𝑁)5𝑁𝑂] 

m. [𝐶𝑜𝐶𝑙2(𝑁𝐻3)4]𝐶𝑙 n. [𝑁𝑖𝐶𝑙2(𝑁𝐻3)4] 
o. [𝐶𝑜(𝑁𝐻3)5(𝑁𝑂)(𝑂)]𝐶𝑙 

p. [𝐶𝑜𝐻(𝑁𝐻3)4(𝑁𝑂2)]𝑁𝑂3 q. [𝐶𝑟𝐶𝑙(𝐻2𝑂)5]𝐶𝑙2 r. [𝐶𝑢(𝑁𝐻3)4]𝐶𝑙2 

s. [𝐹𝑒(𝑆𝐶𝑁)(𝐻2𝑂)5]𝐵𝑟2 t. 𝑁𝑎4[𝑁𝑖(𝐶𝑁)4] 
u. [𝐶𝑟(𝑁𝐻3)5𝐶𝑂]𝐶𝑙3 

v. 𝐾4[𝐹𝑒(𝐶𝑁)6] w. [𝐹𝑒(𝑆𝐶𝑁)(𝐻2𝑂)5][𝐶𝑢𝐶𝑙4] 
x. 𝐾2𝐶𝑢[𝐹𝑒(𝐶𝑁)6] 

y. [𝑃𝑡(𝑁𝐻3)4][𝑃𝑡𝐶𝑙4] z. [𝐶𝑜𝐶𝑙2(𝑁𝐻3)4][𝐶𝑟(𝐶𝑁)6] 
 

 

my; ixlS¾K ixfhda. j, jHqy iQ;%h ,shkak  
a. 𝑃𝑒𝑛𝑡𝑎𝑐𝑦𝑎𝑛𝑖𝑑𝑜𝑛𝑖𝑡𝑟𝑖𝑑𝑜𝑠𝑦𝑙𝑓𝑒𝑟𝑟𝑎𝑡𝑒(𝐼𝐼) 𝑖𝑜𝑛        b. 𝑆𝑜𝑑𝑖𝑢𝑚 𝑡𝑒𝑡𝑟𝑎𝑓𝑙𝑜𝑟𝑖𝑑𝑜𝑜𝑥𝑜𝑐ℎ𝑟𝑜𝑚𝑎𝑡𝑒(𝐼𝑉)  

c. 𝑃𝑒𝑛𝑡𝑎𝑎𝑚𝑚𝑖𝑛𝑒𝑐ℎ𝑙𝑜𝑟𝑖𝑑𝑜𝑐𝑜𝑏𝑎𝑙𝑡(𝐼𝐼𝐼) 𝑖𝑜𝑛          d. 𝑅𝑢𝑏𝑖𝑑𝑖𝑢𝑚 𝑡𝑒𝑡𝑟𝑎𝑐𝑦𝑛𝑜𝑛𝑖𝑐𝑘𝑒𝑙𝑎𝑡𝑒(𝐼𝐼𝐼)   

e. 𝑃𝑜𝑡𝑎𝑠𝑠𝑖𝑢𝑚 𝑝𝑒𝑛𝑡𝑎𝑐𝑦𝑎𝑛𝑖𝑑𝑜𝑛𝑖𝑡𝑟𝑜𝑠𝑦𝑙𝑓𝑒𝑟𝑟𝑎𝑡𝑒(𝐼𝐼)    f. 𝑃𝑒𝑛𝑡𝑎𝑎𝑚𝑚𝑖𝑛𝑒𝑐ℎ𝑙𝑜𝑟𝑖𝑑𝑜𝑐𝑜𝑏𝑜𝑙𝑡(𝐼𝐼𝐼) 𝑖𝑜𝑛      

g. 𝑃𝑒𝑛𝑡𝑎𝑎𝑞𝑢𝑎𝑐ℎ𝑙𝑜𝑟𝑖𝑑𝑜𝑐𝑜𝑏𝑎𝑙𝑡(𝐼𝐼𝐼) 𝑏𝑟𝑜𝑚𝑖𝑑𝑒 h. 𝐻𝑒𝑥𝑎𝑐𝑎𝑟𝑏𝑜𝑛𝑦𝑙𝑐ℎ𝑟𝑜𝑚𝑖𝑢𝑚(0)      

i. 𝑇𝑒𝑡𝑟𝑎𝑎𝑞𝑢𝑎𝑑𝑖𝑐ℎ𝑙𝑜𝑟𝑖𝑑𝑜𝑐ℎ𝑟𝑜𝑚𝑖𝑢𝑚(𝐼𝐼𝐼) 𝑐ℎ𝑙𝑜𝑟𝑖𝑑𝑒 j. 𝑡𝑒𝑡𝑟𝑎𝑎𝑚𝑚𝑖𝑛𝑒𝑑𝑖𝑎𝑞𝑢𝑎𝑐𝑜𝑏𝑜𝑙𝑡(𝐼𝐼𝐼) 𝑖𝑜𝑛 

k. 𝐷𝑖𝑡ℎ𝑖𝑜𝑐𝑦𝑛𝑎𝑡𝑜𝑖𝑟𝑜𝑛(𝐼𝐼𝐼) 𝑛𝑖𝑡𝑟𝑎𝑡𝑒   l. 𝑅𝑢𝑏𝑖𝑑𝑖𝑢𝑚 𝑡𝑒𝑡𝑟𝑎𝑐𝑦𝑛𝑜𝑛𝑖𝑐𝑘𝑒𝑙𝑎𝑡𝑒(𝐼𝐼𝐼)   

m. 𝑇𝑟𝑖𝑎𝑚𝑚𝑖𝑛𝑒𝑡𝑟𝑖𝑛𝑖𝑡𝑟𝑖𝑡𝑟𝑜𝑐𝑜𝑏𝑜𝑙𝑡(𝐼𝐼𝐼)      n. 𝑆𝑜𝑑𝑖𝑢𝑚 ℎ𝑒𝑥𝑎𝑓𝑙𝑜𝑟𝑖𝑑𝑜𝑐𝑜𝑏𝑜𝑙𝑡𝑎𝑡𝑒(𝐼𝐼𝐼) 

  

 

Questions 
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ghsfÜkshï (𝑻𝒊)  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝑇𝑖 mj;sk iajdNdúl m%Nj folls.  

• rEghs,a 𝑇𝑖𝑂2 

• b,aukhsÜ 𝐹𝑒𝑇𝑖𝑂3 
𝑇𝑖𝑂2 iqÿ Tlaihsvh iqÿ ;Ska; ksIamdokhg fhdod .kS.  

𝑇𝑖 ieye,ä  f,dayhla jk w;r .=jka hdkd n| iEosug fhdod .kS.  
 

 

jefkaähï (𝑽) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

TlaislrK wjia:dj +5 +4 +3 +2 

j¾Kh ly ks,a fld< oï 

ixfhda.h 𝑉𝑂3
− 𝑉𝑂2

+ 𝑉𝑂4
3− 𝑉𝑂2+ 𝑉3+ 𝑉2+ 

 

 

 

 

 

 

 

+2 
 

𝑉2𝑂5(𝑠)  

 

+3 

;eô,s 

+4 
 

𝑂𝐻− 
 

𝑉𝐶𝑙4(𝑠) ks,a 
 

𝑉 

𝐶𝑙2 

𝑂2 

0 
 

[𝑇𝑖(𝐻2𝑂)6](𝑎𝑞)
3+  

oï 

𝑍𝑛/𝐻+ 

𝑇𝑖𝑂2(𝑠)  

+2 
 

iqÿ 
 

𝑇𝑖𝐶𝑙4(𝑙)  

+3 

wj¾K 

[𝑇𝑖𝐶𝑙6](𝑎𝑞)
2+  +4 

 
wj¾K 

 

𝐻2𝑂 idkaø 𝐻𝐶𝑙 

𝑇𝑖𝐶𝑙2(𝑠) 

iqÿ 

𝑇𝑖 

𝑇𝑖𝐶𝑙4 𝐶𝑙2 

0 
 

𝐻+ 

𝑉𝑂2(𝑠)  

 ;o ks,a 𝑆𝑂2 

𝑉𝑂4(𝑎𝑞)
3−

 

ly 
 

𝑉𝑂2(𝑎𝑞)
+

 

 

ly 

ks,a 

[𝑉(𝐻2𝑂)6](𝑎𝑞)
2+  

) 

oï 
 

[𝑉(𝐻2𝑂)6](𝑎𝑞)
3+  

 

fld< 
 

+5 
 

𝐻+ 𝑉𝑂(𝑎𝑞)
2+

 

 
𝑍𝑛/𝐻+ 

𝑍𝑛/𝐻+ 

𝑍𝑛/𝐻+ 

jd;h  
 

𝐻2𝑂 
 

𝑁𝐻4𝑉𝑂3(𝑠) 

𝑉𝑂3(𝑎𝑞)
−  𝑉𝑂2(𝑎𝑞)

+  𝑉𝑂(𝑎𝑞)
2+  𝑉(𝑎𝑞)

3+  

𝑁𝑎𝑂𝐻 j, osh lsßu  

𝑉(𝑎𝑞)
2+  
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fl%dañhï (𝑪𝒓) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
  

+2 
 

+3 

+6 
 

𝐶𝑟𝐶𝑙2 

r;=  
 

𝐶𝑟 

𝐻𝐶𝑙(𝑔) 𝑂2 

0 
 

r;=  

[𝐶𝑟(𝐻2𝑂)6](𝑎𝑞)
2+  

) 

𝐶𝑟𝑂2𝐶𝑙2(𝑔) 

 

𝑍𝑛/𝐻+ jd;h  
 

[𝐶𝑟(𝐻2𝑂)6](𝑎𝑞)
3+  

 ks,a oï  
 

𝐶𝑟2𝑂3(𝑠) 

𝐶𝑟𝑂3(𝑠) 𝐶𝑟𝑂4(𝑎𝑞)
2−  

 ly  
 

[𝐶𝑟(𝑂𝐻)6](𝑎𝑞)
3−  

 fld< 
 

𝐶𝑟(𝑂𝐻)3(𝑠) 

 fld< 
 

𝐶𝑟2𝑂7(𝑎𝑞)
2−  

 ;eô,s 
 

𝑍𝑛/𝐻+ 𝐻2𝑂2/𝑁𝑎𝑂𝐻 
 

𝐻+ 

𝑐𝑜𝑛 𝐻2𝑆𝑂4 
 

𝐻+ 

𝑂𝐻− 

𝑐𝑜𝑛 𝐻2𝑆𝑂4 
 𝐶𝑙− 

𝑂𝐻− 𝑂𝐻− 

fld< 
 

ks,a  
 

[𝐶𝑟(𝐶𝑂)6] 

) 
 

𝐶𝑂 

[𝐶𝑟(𝐻2𝑂)6](𝑎𝑞)
2+ − 

) 

[𝐶𝑟(𝐻2𝑂)6](𝑎𝑞)
3+ − 

) 

...........................................................................................................................................................................

..........................................................................................................................................................................  

...........................................................................................................................................................................  

[𝐶𝑟(𝐻2𝑂)6](𝑎𝑞)
3+  

) 

𝐶𝑟(𝑂𝐻)3(𝑠) 

) 

𝐶𝑟𝑂4(𝑎𝑞)
2−  

) 

𝐶𝑟2𝑂7(𝑎𝑞)
2−  

) 

𝐶𝑟𝑂4(𝑎𝑞)
2−  yd 𝐶𝑟2𝑂7(𝑎𝑞)

2−  wdï,sl udOHfhaoS m%N, Tlaisldrl fõ  

𝐶𝑟2𝑂3 ,nd .ekSu   

...........................................................................................................................................................................................................

...........................................................................................................................................................................................................

.........................................................................................................................................................................................................  
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ueka.kSia (𝑴𝒏) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

  

+2 
 

+4 

+6 
 

𝑀𝑛 0 
 

𝑀𝑛𝑂4(𝑎𝑞)
2−

 

 ;o fld<  

𝑀𝑛𝑂4(𝑎𝑞)
−

 

oï  
 

𝑀𝑛𝐶𝑙2(𝑎𝑞) 

) 
 

𝑀𝑛𝑂2(𝑠) 

 l¿ ÿUqre 
 

+7 
 

[𝑀𝑛(𝐻2𝑂)6](𝑎𝑞)
2+  

) 
 

𝑀𝑛(𝑂𝐻)2(𝑠) 

) 
 

𝐻+ 

𝐻+ 

𝑂𝐻− 

𝑍𝑛/𝐻+ 𝑁𝑎𝐵𝑖𝑂3 
𝐻𝑁𝑂3 

𝑐𝑜𝑛  𝑁𝑎𝑂𝐻 

𝐾𝑂𝐻(𝑙) 

jd;h 

𝐻2𝑂2 𝑐𝑜𝑛  𝐻𝐶𝑙 

𝐻+ 

iqÿ ly  
 

frdai  
 

...........................................................................................................................................................................................................  

[𝑀𝑛(𝐻2𝑂)6](𝑎𝑞)
2+  

) 

𝑀𝑛(𝑂𝐻)2(𝑠) 

) 

...........................................................................................................................................................................................................  

𝑀𝑛(𝑂𝐻)2(𝑠) 

) 
𝑀𝑛𝑂2(𝑠) 

) 

𝑀𝑛𝑂2(𝑠) 

) 

[𝑀𝑛(𝐻2𝑂)6](𝑎𝑞)
2+ + 𝐶𝑙2(𝑔) 

 

...........................................................................................................................................................................................................  

𝑀𝑛𝑂2(𝑠) 

) 

𝑀𝑛𝑂4
2− 

 

...........................................................................................................................................................................................................  

...........................................................................................................................................................................................................  

𝑀𝑛𝑂2(𝑠) 

) 

𝑀𝑛𝑂4(𝑎𝑞)
− + 

 

𝑀𝑛𝑂4(𝑎𝑞)
2−  

 

wdï,sl yd NdIañl udOHfhaoS 𝑀𝑛𝑂4(𝑎𝑞)
−  m%N, Tlaisldrl fõ  
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hlv (𝑭𝒆) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

+2 
 

+3 

+3 
 

𝐹𝑒 0 
 

𝐹𝑒(𝑂𝐻)2(𝑠) 

) 
 

ly ÿUqre 
 

[𝐹𝑒(𝐶𝑁)6](𝑎𝑞)
4−  

) 
 

𝐻+ 

𝐶𝑁− 

jd;h 

,d fld<   
 

ly fld<   
 

[𝐹𝑒(𝐻2𝑂)6](𝑎𝑞)
2+  

) 
 

[𝐹𝑒(𝐻2𝑂)6](𝑎𝑞)
3+  

) 
 

𝐹𝑒(𝑂𝐻)3(𝑠) 

) 
 

[𝐹𝑒𝐶𝑙4](𝑎𝑞)
2−  

) 
 

[𝐹𝑒(𝐶𝑁)6](𝑎𝑞)
3−  

) 
 

[𝐹𝑒(𝑆𝐶𝑁)](𝑎𝑞)
2+  

) 
 

𝑍𝑛/𝐻+ 

𝑂𝐻− 

jd;h 

𝑂𝐻− 

𝐶𝑁− 

𝑆𝐶𝑁− 

ly  
 

ÿUqre 
 

ÿUqre 
 

f,a r;=  
 

,d fld<   
 

𝐶𝑙− 

[𝐹𝑒(𝐻2𝑂)6](𝑎𝑞)
3+  

) 

[𝐹𝑒(𝐻2𝑂)6](𝑎𝑞)
2+  

) 

𝐹𝑒(𝑂𝐻)3(𝑠) 

) 

...........................................................................................................................................................................................................  

[𝐹𝑒(𝐻2𝑂)6](𝑎𝑞)
2+  

) 

...........................................................................................................................................................................................................  

𝐹𝑒(𝑂𝐻)2(𝑠) 

) 

𝐹𝑒(𝑂𝐻)2(𝑠) + 𝑂2(𝑔) +𝐻2𝑂(𝑙) 

) 

...........................................................................................................................................................................................................  

[𝐹𝑒(𝑆𝐶𝑁)](𝑎𝑞)
2+  

...........................................................................................................................................................................................................  

...........................................................................................................................................................................................................  

...........................................................................................................................................................................................................  

[𝐹𝑒(𝐻2𝑂)6](𝑎𝑞)
3+ + 𝑆𝐶𝑁− 

) 

𝐾4[𝐹𝑒(𝐶𝑁)6] 
) 

[𝐹𝑒(𝐻2𝑂)6](𝑎𝑞)
2+  

) 

[𝐹𝑒(𝐻2𝑂)6](𝑎𝑞)
3+  

) 

𝐾3[𝐹𝑒(𝐶𝑁)6] 
) 

[𝐹𝑒(𝐻2𝑂)6](𝑎𝑞)
2+  

) 

[𝐹𝑒(𝐻2𝑂)6](𝑎𝑞)
3+  

) 
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fldfnda,aÜ (𝑪𝒐) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ksl,a (𝑵𝒊) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

+2 
 

+2 

+3 
 

𝐶𝑜 0 
 

[𝐶𝑜𝐶𝑙4](𝑎𝑞)
2−  

) 
 

ks,a  
 

[𝐶𝑜(𝑁𝐻3)6](𝑎𝑞)
2+  

) 
 

𝐻+ 

𝑁𝐻3 
frdai  

 
ly ÿUqre   

 [𝐶𝑜(𝐻2𝑂)6](𝑎𝑞)
2+  

) 
 

[𝐶𝑜(𝑂𝐻)(𝐻2𝑂)5](𝑠)
+  

) 
 

𝐶𝑜(𝑂𝐻)2(𝐻2𝑂)4(𝑠) 

) 
 

[𝐶𝑜(𝑁𝐻3)6](𝑎𝑞)
3+  

) 
 

𝐶𝑙− 

𝑂𝐻− 

𝐻2𝑂2 frdai  
 

;eô,s ÿUqre 
 

ks,a  
 

𝑂𝐻− 

+2 
 

+2 

𝑁𝑖 0 
 

[𝑁𝑖𝐶𝑙4](𝑎𝑞)
2−  

) 
 

r;=  
 

[𝑁𝑖(𝑁𝐻3)6](𝑎𝑞)
2+  

) 
 

𝐻+ 

𝑁𝐻3 
fld<   

 
ks,a  
 [𝑁𝑖(𝐻2𝑂)6](𝑎𝑞)

2+  

) 
 

[𝑁𝑖(𝐷𝑀𝐺)](𝑠) 

) 
 

𝑁𝑖(𝑂𝐻)2(𝑠) 

) 
 

[𝑁𝑖(𝐶𝑁)4](𝑎𝑞)
2−  

) 
 

𝐶𝑙− 

𝑂𝐻− 

fld<   
 

ly r;=  

ly 

𝑁𝐻3/𝐷𝑀𝐺 
 

𝐶𝑁− 

[𝑁𝑖(𝐶𝑂)4] 

) 
 

𝐶𝑂 

[𝐶𝑜(𝑂𝐻)(𝐻2𝑂)5](𝑠)
+  

) 

[𝐶𝑜(𝑂𝐻)(𝐻2𝑂)5](𝑠)
+  

) 

[𝐶𝑜(𝑁𝐻3)6](𝑎𝑞)
2+  

) 

...........................................................................................................................................................................................................  

[𝐶𝑜(𝐻2𝑂)6](𝑎𝑞)
2+  

) 

...........................................................................................................................................................................................................  

𝐶𝑜(𝑂𝐻)2(𝑠) 

) 

[𝐶𝑜(𝐻2𝑂)6](𝑎𝑞)
2+  

) 

...........................................................................................................................................................................................................  

[𝐶𝑜(𝑁𝐻3)6](𝑎𝑞)
3+  

 

...........................................................................................................................................................................................................  

...........................................................................................................................................................................................................  

[𝐶𝑜(𝑁𝐻3)6](𝑎𝑞)
2+  

) 

𝑁𝑖(𝑂𝐻)2(𝑠) 

) 

[𝑁𝑖(𝐻2𝑂)6](𝑎𝑞)
2+  

) 

[𝑁𝑖𝐶𝑙4](𝑎𝑞)
2−  

) 

...........................................................................................................................................................................................................  

[𝑁𝑖(𝐻2𝑂)6](𝑎𝑞)
2+  

) 

...........................................................................................................................................................................................................  

[𝑁𝑖(𝑁𝐻3)6](𝑎𝑞)
2+  

) 

[𝑁𝑖(𝐻2𝑂)6](𝑎𝑞)
2+  

) 

...........................................................................................................................................................................................................  

...........................................................................................................................................................................................................  
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fldm¾ (𝑪𝒖) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

+1 
 

+1 

𝐶𝑢 0 
 

𝐶𝑢𝐶𝑙(𝑠) 

) 
 

iqÿ  
 

𝐻𝑁𝑂3 

wj¾K  
 

[𝐶𝑢𝐶𝑙2](𝑎𝑞)
−  

) 
 

𝐶𝑢𝐼(𝑠) 

) 
 

𝐻2𝑂 

wj¾K  
 

iqÿ  
 

[𝐶𝑢(𝐻2𝑂)6](𝑎𝑞)
2+  

) 
 

[𝐶𝑢(𝑁𝐻3)2](𝑎𝑞)
+  

) 
 

+2 
 

+2 [𝐶𝑢𝐶𝑙4](𝑎𝑞)
2−  

) 
 

[𝐶𝑢(𝑁𝐻3)4](𝑎𝑞)
2+  

) 
 

𝐶𝑢(𝑂𝐻)2(𝑠) 

) 
 

𝐶𝑢𝑂(𝑠) 

) 
 

𝐶𝑢2𝑂(𝑠) 

) 
 

𝑐𝑜𝑛 𝐻𝐶𝑙/𝐶𝑢 
∆ 

𝐶𝑙− 

jd;h  
 

𝑁𝐻3 

𝑁𝐻3 

𝐶𝑙− 

𝐶𝐻3𝐶𝐻𝑂/𝑂𝐻
− 𝐼− 

𝑂𝐻− 

∆ ks,a  
 

ks,a  
 

l¿  
 

;o ks,a  
 

ly   
 

.fvd,a r;=   
 

𝐶𝑢𝐶𝑙(𝑠)) 

 

...........................................................................................................................................................................................................  

[𝐶𝑢(𝑁𝐻3)2](𝑎𝑞)
+  

) 

[𝐶𝑢(𝑁𝐻3)2](𝑎𝑞)
+  

) 

...........................................................................................................................................................................................................  

[𝐶𝑢(𝑁𝐻3)4](𝑎𝑞)
2+  

) 

[𝐶𝑢𝐶𝑙4](𝑎𝑞)
3−  

) 

[𝐶𝑢𝐶𝑙4](𝑎𝑞)
3−  

) 

𝐶𝑢(𝑎𝑞)
2+ + 𝐶𝑢(𝑠) 

) 

...........................................................................................................................................................................................................  

[𝐶𝑢𝐶𝑙4](𝑎𝑞)
2−  

) 

...........................................................................................................................................................................................................  

𝐶𝑢𝐶𝑙(𝑠) 

) 

𝐶𝑢(𝑎𝑞)
+  

) 

...........................................................................................................................................................................................................  

[𝐶𝑢(𝑁𝐻3)4](𝑎𝑞)
2+  

 

...........................................................................................................................................................................................................  

[𝐶𝑢(𝐻2𝑂)6](𝑎𝑞)
2+  

) 

...........................................................................................................................................................................................................  

[𝐶𝑢(𝐻2𝑂)6](𝑎𝑞)
2+  

) 

...........................................................................................................................................................................................................  

[𝐶𝑢𝐶𝑙(𝐻2𝑂)5](𝑎𝑞)
+  

) 

[𝐶𝑢𝐶𝑙(𝐻2𝑂)5](𝑎𝑞)
+  

) 

...........................................................................................................................................................................................................  

[𝐶𝑢𝐶𝑙4](𝑎𝑞)
2−  

) 

[𝐶𝑢(𝐻2𝑂)6](𝑎𝑞)
2+  

) 

...........................................................................................................................................................................................................  

𝐶𝑢2𝑂 
) 

[𝐶𝑢(𝐻2𝑂)6](𝑎𝑞)
2+ + 𝐼(𝑎𝑞)

−  

) 

...........................................................................................................................................................................................................  

𝐶𝑢𝐼(𝑠) + 𝐼2(𝑎𝑞) 

) 
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iskala (𝒁𝒏) 
 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

+2 
 

+2 

𝑍𝑛 0 
 

wj¾K  
 

𝑍𝑛𝑂2(𝑎𝑞)
2−  

) 
 

𝐻+ 

wj¾K  
 

wj¾K  
 [𝑍𝑛(𝐻2𝑂)6](𝑎𝑞)

2+  

) 
 

[𝑍𝑛(𝑁𝐻3)4](𝑎𝑞)
2+  

) 
 

𝑍𝑛(𝑂𝐻)2(𝑠) 

) 
 

[𝑍𝑛(𝐶𝑁)4](𝑎𝑞)
2−  

) 
 

𝐻𝐶𝑂3
− 

𝑆2− 

iqÿ  
 

𝑁𝐻3 
 

𝐶𝑁− 

𝑍𝑛𝐶𝑂3(𝑠) 

) 
 

𝑍𝑛𝑂(𝑠) 

) 
 

∆ 
𝑂𝐻− 𝑂𝐻− 

𝑍𝑛𝑆(𝑠) 

) 
 

wj¾K  
 

iqÿ  
 

iqÿ  
 

iqÿ  
 

𝑍𝑛(𝑂𝐻)2(𝑠) 

) 

𝑍𝑛(𝑂𝐻)2(𝑠) 

) 

𝑍𝑛𝑂(𝑆) + 𝐶𝑂2(𝑔) 

) 

...........................................................................................................................................................................................................  

[𝑍𝑛(𝐻2𝑂)6](𝑎𝑞)
2+  

) 

...........................................................................................................................................................................................................  

[𝑍𝑛(𝑂𝐻)4](𝑎𝑞)
2−  

) 

𝑍𝑛𝐶𝑂3(𝑠) 

) 

...........................................................................................................................................................................................................  

...........................................................................................................................................................................................................  


