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\mw apºv ]Tn-®Xv

$ BknUp tN¿Ø Pe-Øn-eqsS sshZypXn IS-Øn-hn-Sp-tºmƒ

AXp hnL-Sn®v ssl{U-P\pw HmIvkn-P\pw D≠m-Ip-∂p.

$ sshZyp-tXm¿Pw BKn-cWw sNøp-Itbm ]pd-tØ°v hnSp-

Itbm sNøp∂ cmk-{]-h¿Ø-\-ß-fmWv sshZypX cmk-{]-

h¿Ø-\-ßƒ

$ hn]-coX sshZypX Nm¿Pp-Iƒ BI¿jn-°p-Ibpw kam\

Nm¿Pp-Iƒ hnI¿jn-°p-Ibpw sNøp-∂p.

$ hn]-coX Nm¿Pp≈ Atbm-Wp-I-fpsS sshZyp-Xm-I¿jW ̂ e-

am-bn-´mWv Atbm-WnI kwbp-‡-ßƒ D≠m-Ip-∂-Xv.

$ Ce-Ivt{Sm¨ hn´p-sIm-Sp-°p∂ {]h¿Ø\w HmIvko-I-c-Whpw

kzoI-cn-°p-∂Xv \ntcm-Ivko-I-c-Whpw BWv.

$ teml-ß-fpsS sshZypX Nme-I-Xbv°p ImcWw Ah-bnse

kzX-{¥-ambn Nen-°p∂ Ce-Ivt{Sm-Wp-I-fm-Wv.

$ sshZypX {]hmlw D≠m-I-W-sa-¶n¬ Nme-I-Øns‚ A{K-ßƒ

XΩn¬ s]m´≥jy¬ hyXymkw D≠m-bn-cn-°Ww.

sshZyp-XnbpwsshZyp-XnbpwsshZyp-XnbpwsshZyp-XnbpwsshZyp-Xnbpw

cmk-{]-h¿Ø-\hpwcmk-{]-h¿Ø-\hpwcmk-{]-h¿Ø-\hpwcmk-{]-h¿Ø-\hpwcmk-{]-h¿Ø-\hpw4
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sshZyp-Xn Ce-Ivt{Sm-Wp-I-fpsS {]hm-

l-am-b-Xn-\m¬ cmk-]-Zm¿Y-ßsf hnL-Sn-

∏n-°m\pw cmk-{]-h¿Ø-\-ßƒ°p Imc-W-

am-Im\pw, cmk-{]-h¿Ø\ \nc-°ns\ _m[n-

°m\pw AXn\p Ign-bpw.  AXp-t]m-se-

Xs∂ ]e cmk-{]-h¿Ø-\-ß-fnepw Ce-

Ivt{Sm-Wp-Iƒ kzX-{¥-am-°-s∏-Sp-∂p F∂p

\nßƒ°-dn-bm-a-t√m? CXv A\p-tbm-Py-

ambn \nb-{¥n-°pI-bm-sW-¶n¬, CØcw

cmk-{]-h¿Ø-\-ß-fn¬\n∂p sshZypXn

\n¿an-°mw.

sshZyp-Xnbpw cmk-]-Zm¿Y-ß-fp-am-bp≈

{]Xn-{]-h¿Ø-\-sØ-°p-dn®v ]Tn-°p∂ taJ-

e-bmWv sshZypX ck-X{¥w (electro
chemistry)

cmk-am-‰-Øn¬ sshZyp-tXm¿Pw D≠m-

Ip -∂Xpw sshZyp -tXm¿Pw cmk-am‰w

D≠m°p-∂-Xp-amb kµ¿`-ßƒ \nßƒ ]cn-

N-b-s∏-´n-´p-≠v. Cßs\ sshZyp-tXm¿Phpw

cmtkm¿Phpw ]c-kv]cw amdp∂ cmk-{]-

h¿Ø-\-ßsf∏‰n-bmWv sshZyp-X-c-k-X-{¥-

Øn¬ {]Xn-]m-Zn-°p-∂-Xv.  Cu Du¿P-am‰w

\S-°p-∂ kwhn-[m-\-amWv sshZypX cmk-

sk√p-Iƒ (electro chemical cells).

Km¬h-\nIv sk¬Km¬h-\nIv sk¬Km¬h-\nIv sk¬Km¬h-\nIv sk¬Km¬h-\nIv sk¬

Hcp Zn Zfiv CuSO4 emb-\n-bn¬ ap°n-

h-®-tijw emb-\n-°p-≠m-Ip∂ am‰w \nco-

£n-°q.

CuSO4 emb-\n -bpsS \nd-Øn-s\¥p

kw`-hn®p?  F¥p-sIm≠v?

ChnsS \S-°p∂ cmk-am‰w {i≤n-°q.

Zn →  Zn2+ + 2e----

sshZyp-Xnbpw cmk-{]-h¿Ø-\hpwsshZyp-Xnbpw cmk-{]-h¿Ø-\hpwsshZyp-Xnbpw cmk-{]-h¿Ø-\hpwsshZyp-Xnbpw cmk-{]-h¿Ø-\hpwsshZyp-Xnbpw cmk-{]-h¿Ø-\hpw

Hcp aqe-I-Øns‚ As√-¶n¬ kwbp-‡-Øns‚ KpW-ß-sf√mw AXns‚ B‰w

LS-\-bp-ambn _‘-s∏-´n-cn-°p-∂p F∂v ]e DZm-l-c-W-ß-fn-eqsS \nßƒ a\-kn-

em-°n-bn-´p-≠v.  cmk-Kp-W-ß-fm-bmepw ̀ uXnIKpW-ß-fm-bmepw B‰w LS-\-bpsS

ASn-ÿm-\-Øn¬ hni-Zo-I-cn-°m≥ Ign-bpw.  AXn-\m¬ Xs∂ Du¿P-X-{¥-Ønepw

ck-X-{¥-Ønepw imkv{X-⁄-∑m¿ B‰w LS\ ]T-\-hn-t[-b-am-°p-∂p.    Ce-

Ivt{Sm-Wp-I-fpsS {]hm-l-amWp sshZypXn F∂p \nßƒ°-dn-bmw.  Ce-Ivt{Sm-Wp-

Iƒ h∂p tN¿∂mepw \jvS-s∏-´mepw Hcp ]Zm¿∞-Øns‚ cmk-L-S\ amdp-sa∂v

Adnbma-t√m.  AXn-\m¬ sshZypXnbpw cmk-{]h¿Ø-\hpw XΩn-ep≈ _‘w

ck-X-{¥-Øns‚ {]tXyI ]T-\-ta-J-e-bm-Wv.

Hcp ]Zm¿Yw sshZypXn IS-Øn-hn-Sp-∂Xpw {]Xn-tcm-[n-°p-∂Xpw AXns‚ B‰w

LS-\-bp-ambn _‘-s∏-´n-cn-°p-∂p.  cmk-]-Zm¿Y-ß-fpsS sshZyp-Xn-tbm-Sp≈ {]Xn-

I-cWw ck-X-{¥-Øn¬ ]T-\-hn-t[-b-am-°p-∂p-≠v.  hepXpw sNdp-Xp-ambp≈ F√m

hyh-km-b-ß-fnepw, an° cmk-h-kvXp-°-fpsS \n¿am-W-Ønepw sshZypXn D]-tbm-

Kn-°p-∂-Xn-\m¬ ck-X-{¥-Øn¬ sshZyp-Xn-bv°p≈ {]m[m\yw FSpØp ]d-tb-≠-

Xn-√t√m.
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Cu2+(SO4)2--- + 2e----  Cu + SO4
2----

Zn + CuSO4  Zn2+SO4
2---- + Cu

ChnsS HmIvko-I-c-Whpw \ntcm-Ivko-

I -c -Whpw GtXXp {]h¿Ø-\-Øn -em -

sW∂p Is≠-Øm-at√m?

C\n Zn Zfins\ ZnSO4epw Cu
Zfins\ CuSO4epw C´p-t\m-°q.  emb-\n-

Iƒs°¥p kw`-hn-°p-∂p-sh∂p \nco-£n-

°q.

Xmsg ]d-bp∂ ]co-£Ww sNbvXp

t\m°q.  Hcp _o°-dn¬ ZnSO4 emb\n FSp-

Ø-tijw AXn¬ Hcp Zn Zfiv ap°n-h-

bv°pI.  as‰mcp _o°-dn¬ CuSO4 emb\n

FSp-Ø-tijw Cu Zfipw ap°n hbv°p-I.

Hcp NmeIw aptJ\ thmƒ´v ao‰-dp-ambn Ce-

Ivt{SmUp-Isf LSn-∏n®p t\m°q. (Nn{Xw

4.1)

{]hmlw e`n-°p-∂pt≠m?  F¥p-sIm≠v?

Hcp temlw AXn-s‚-Xs∂ emb-\n-

bn¬ apßn-bn-cn-°p-tºmƒ Ce-Ivt{Sm-Wp-

Isf \jvS-s∏-SpØn Atbm¨ Bbn-Øo-

cm-\p≈ {]h-WX ImWn-°p-∂p.  AtX

kabw emb-\n-bnse teml Atbm-Wp-

Iƒ°v Ce-Ivt{Sm-Wp-Isf kzoI-cn®v B‰w

BIm-\p≈ {]h-W-X-bp-ap-≠v.  CXp Xmsg

]d-bp∂ ka-hmIyw sIm≠p kqNn-∏n-°mw.

I. Zn Ce-Ivt{SmUv :  Zn  Zn2+ + 2e----

ZnSO4 emb\n : Zn2+ + 2e----  Zn

II. Cu Ce-Ivt{SmUv : Cu  Cu2+ + 2e----

CuSO4 emb\n : Cu2+ + 2e----  Cu

Zn Ce-Ivt{Sm-Unepw ZnSO4 emb-\n-

bnepw \S-°p∂ am‰-ßƒ ]cn-tim-[n-°q.

Zn teml-Øn\v  Zn2+ Atbm-Wp-I-fm-bn-Øo-

V

tIm∏¿ kn¶v

kn¶v kƒt^‰v

emb\n

tIm∏¿ kƒt^‰v

emb\n

Nn{Xw 4.1

sshZypX {]hmlw XpS¿®-bmbn \ne-

\n¬°p-∂pt≠m?

C\n c≠p emb -\n -I -f pw XΩn¬

s]m´mkyw ss\t{S‰v emb-\n-bn¬ ap°nb

^n¬‰¿ t]∏¿ D]-tbm-Kn®v Nn{Xw 4.2¬

ImWn®n-cn -°p-∂-Xp -t]mse _‘n-∏n®p

t\m°q. Ct∏mƒ XpS¿®-bmb sshZypX

cm≥ F{X Ce-Ivt{Sm-Wp-Isf \jvS-s∏-

SpØWw?  Cßs\ 2 Ce-Ivt{Sm-Wp-Isf

hoXw Ce-Ivt{Sm-Un¬ hn´p-sIm-Sp-ØmWv

Hmtcm kn¶v B‰hpw ebn-°p-∂-Xv.  AtX

kabw emb-\n-bnse Zn2+ Atbm-Wp-Iƒ°v

Zn Bbn-Øo-cm-\p≈ {]h-W-X-bp-s≠∂v a\-

 n-em-°n-b-t√m.  Zn2+ Atbm-Wp-Iƒ Zn
Ce-Ivt{Sm-Un\v kao]w h∂p-tN-cp-∂p.  Cu

←



sshZyp-Xnbpw cmk-{]-h¿Ø-\hpw

Ãmt‚¿Uv 10 51

hn]-coX {]h-W-X-Iƒ ImcWw Zn Ce-

Ivt{Sm-Unse Ce-Ivt{Sm-Wp-Ifpw AXn\v

kao-]-sØ-Øn-t®-cp∂ Xpey FÆw Zn2+

Atbm-Wp-Ifpw tNcp∂ `mKØv Hcp Ce-

Iv{SnIv s]m´≥jy¬ D≠m-Ip-∂p.  CXns\

Ce-Ivt{SmUv s]m´≥jy¬ (electrode
potential)  F∂p ]d-bp-∂p.  E F∂ A£-

cw-sIm≠v CXns\ kqNn-∏n-°p-∂p.

CXp-t]mse CuSO4 emb-\n-bn¬ Cu Ce-

Ivt{SmUv ap°n-h-®mtem?

$ Cu Ce-Ivt{Sm-Un¬ \S-°p∂ am‰w

$ CuSO4 emb-\n-bn¬ \S-°p∂ am‰w

$ Ce-Ivt{Sm-Unepw emb-\n-bnepw \S-°p∂

am‰-ß-fpsS ]cn-W-X-^ew

Ch N¿®-sNbvXp \nKa\-ßƒ kb≥kv

Ub-dn-bn¬ Ipdn-®p-h-bv°q.

kn¶v Ce-Ivt{Sm-Uns‚ s]m´≥jy¬

kqNn-∏n-°p-∂-Xn\v EZn
2+/Zn F∂pw tIm∏-dn\v

ECu
2+/Cu F∂pw Fgp-Xp-∂p.  kn¬h¿ Ce-

Ivt{Sm-Uns‚ s]m´≥jy¬ kqNn-∏n-°p∂

hn[w Fgp-Xn-t\m-°q.

kn¶v Ce-I vt{SmUpw tIm∏¿ Ce-

Ivt{SmUpw tbmPn-∏n-°p-tºmƒ sshZypX

{]hmlw \S-°-W-sa-¶n¬ Ch-bpsS Ce-

Ivt{SmUv s]m´≥jy-ep-Iƒ hyXy-kvX-am-bn-cn-

°-W-sa-∂-dn-bm-at√m.

ZnDw CuDw tbmPn-∏n-°p-tºmƒ Ce-

Ivt{Sm¨ {]hml Zni Nn{Xw 4.2 ̨  ¬ sImSp-

Øn-cn-°p-∂Xv {i≤n-°p-I.

XpS¿®-bmbn sshZyp-X-{]-hmlw e`n-

°m≥ F¥p {Iao-I-c-W-amWp sNbvXn-cn-°p-

∂-Xv?

CØ-c-Øn¬ sshZyp-X-{]-hmlw D≠m-Ip-

∂Xv Hmtcm Ce-Ivt{Sm-UpI-fnepw Ah-bpsS

emb-\n-Ifnepw \S-°p∂ cmk-am-‰-ß-fpsS

^e-am-bm-sW∂p hy‡-am-Wt√m?

Cßs\ cmtkm¿Pw sshZyp-tXm¿P-ambn

am‰p∂ D]-I-c-W-ßfmWv Km¬h-\nIv sk√p-

Iƒ (galvanic cells).

Bt\mUpw ImtYmUpwBt\mUpw ImtYmUpwBt\mUpw ImtYmUpwBt\mUpw ImtYmUpwBt\mUpw ImtYmUpw

XpS¿®-bmbn sshZypXn Xcp∂ Hcp

Km¬h-\nIv sk¬ \n¿an-°m≥ Fs¥ms°

LS-I-ßƒ Bh-iy-am-sW∂p enÃp sNøq.

sk¬ 1

Zn-Cu sk√n¬ Ce-Ivt{Sm-Up-Iƒ _mly-

k¿°o´v aptJ\ L-Sn-∏n-®-t∏mƒ  GXv Ce-

Nn{Xw 4.2

V

kn¶v

Ce-Ivt{SmUv
tIm∏¿

Ce-Ivt{SmUv

tIm∏¿ kƒt^‰v

emb\n
kn¶v kƒt^‰v

emb\n

←
^n¬‰¿ t]∏¿
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Ivt{Sm-Un¬\n∂v  GXv Ce-Ivt{Sm-Un-te-°m-

Wv Ce-Ivt{Sm-Wp-Iƒ {]h-ln-°p-∂Xv?

ZnSO4¬ ÿnXn-sN-øp∂ kn¶n¬ \n∂v

Ce-Ivt{Sm-Wp-Iƒ CuSO4¬ ap°n-sh-®n-cn-

°p∂ tIm∏-dn -te°p t]mIp-∂p.  Ce-

Ivt{Sm¨ {]hmlw \S-°-W-sa-¶n¬ Zn Ce-

Ivt{Sm-Un¬ Xmsg sImSp-Øncn-°p∂-h-bn¬

GXp cmk-{]-h¿Ø\w \S-°Ww?

Zn  Zn2+ + 2e--- - 1

Zn2+ + 2e---  Zn - 2

Aß-s\-sb-¶n¬ Ce-Ivt{Sm¨ kzoI-cn-

°p∂ Cu CeIvt{Sm-Un¬ Xmsg sImSp-Øn-

cn-°p∂hbn¬ GXp cmk-{]-h¿Ø\w \S-°-

Ww?

Cu  Cu2+ + 2e--- - 3

Cu2+ + 2e---  Cu - 4

HmIvko-I-c-W-̨ -\n-tcm-Ivko-I-cW k¶-ev]-

hp-ambn _‘-s∏-Sp-Øn ]d-™m¬, Zn-Cu
Km¬h-\nIv sk√n¬\n∂p sshZypXn FSp-

°p-tºmƒ, Zn Ce-Ivt{Sm-Uns‚ `mKØv

HmIvko-I-c-Whpw Cu Ce-Ivt{Sm-Uns‚ ̀ mKØv

\ntcm-Ivko-I-c-Whpw \S-°p-∂p-sh∂p ]d-

bmw.

HmIvko-I-cWw \S-°p∂ Ce-Ivt{Sm-Uns\

Bt\mUv (anode) F∂pw \ntcm-Ivko-I-cWw

\S-°p∂ Ce-Ivt{Sm -Uns\ ImtYmU v

(cathode) F∂pw hnfn-°p-∂p.

Zn-Cu sk√nse Bt\mUpw ImtYmUpw

GsXm-s°-bmWv?

sk¬ 2

Xmsg sImSp -Øn-cn -°p∂ sk√ns‚

Nn{XØn¬ Ce-Ivt{Sm¨ {]hm-l-Zni {i≤n-

°p-I (Nn{Xw 4.3).  teml-Ønepw emb-\n-

bnepw \S-°mhp∂ cmk-{]-h¿Ø-\-ßƒ

Xmsg sImSp-Øn-cn-°p-∂p.  sshZypXn D≠mIp-

tºmƒ Hmtcm Ce-Ivt{Sm-Unepw Ch-bn¬

GXp cmk-{]-h¿Ø-\-amWp \S-°p-∂-sX∂p

AS-bm-f-s∏-Sp-Øma-t√m.  Cu sk√nse

Bt\mUv GXmWv?  ImtYmUv GXmWv?

temlw

Cu  Cu2+ + 2e---

2Ag  2Ag+ + 2e---

emb\n

Cu2+ + 2e---  Cu

2Ag+ + 2e---  2Ag

V

tIm∏¿

Ce-Ivt{SmUv
kn¬h¿

Ce-Ivt{SmUv

kn¬h¿ ss\t{S‰v

emb\n

tIm∏¿ kƒt^‰v

emb\n

Nn{Xw 4.3
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sk¬ 1, sk¬ 2 Ch-bnse Bt\m-Uv,

ImtYm-Uv, Ce-Ivt{Sm-Un¬ \S-°p∂ cmk-{]-

h¿Ø\w F∂nh Xmsg (]-´nI 4.1) sImSp-

Øn-cn-°p-∂p.

Ce-Ivt{SmUv s]m´≥jy¬ "]qPyw' F∂p ]cn-

K-Wn-®n-cn-°p-∂p.  GsXmcp Ce-Ivt{Sm-Uns‚

s]m´≥jy¬ I≠p]n -Sn -°-Wsa-¶nepw

AXns\ Ãm≥tU¿Uv ssl{U-P≥ Ce-Ivt{Sm-

ChnsS sk¬ 1 ¬ Cu ImtYm-Umbpw

sk¬ 2 ¬ Cu Bt\m-Umbpw {]h¿Øn-®p-

ht√m?  AXm-bXv  GsXmcp Ce-Ivt{Sm-Un\pw

AXpambn LSn-∏n-®n-cn-°p∂ Ce-Ivt{SmUns‚

kz`mhw amdp∂-Xn-\-\p-k-cn®v Bt\mtUm

ImtYmtUm Bbn {]h¿Øn-°m≥ Ign-bpw.

sk¬ sk¬ sk¬ sk¬ sk¬ e.m.f.

c≠v Ce-I vt{Sm -Up -Iƒ XΩn -ep≈

s]m´≥jy¬ hyXym -k-Øn\p am{Xta

sshZypX {]hmlw D≠m-°m≥ Ignbq F∂-

dn-bm-at√m?  c≠v Ce-Ivt{Sm-Up-Iƒ XΩn-ep≈

s]m´≥jy¬ hyXym-ksØ sk¬ e.m.f. (cell
electromotive force) F∂p ]d-bp-∂p.

e.m.f. = E2 - E1

E1, E2 Ce-Ivt{SmUp-I-fpsS s]m´≥jy¬.

At∏mƒ Hcp sk√ns‚ e.m.f. Is≠-Ø-

W-sa-¶n¬ AXns‚ thmƒ´v ao‰¿ doUnwKv

t\m°n-bm¬ aXn-bt√m?  F∂m¬ Hmtcm

Ce-Ivt{Sm-Un-s‚bpw s]m´≥jy¬ Af°m≥

Ign-bn-√.  CXv Af°m\mbn Ãm≥tU¿Uv

ssl{U-P≥ Ce-Ivt{Sm-Uns\ (Standard
Hydrogen Electrode - SHE) {]amWambn

(reference) FSp-Øn-cn-°p-∂p.  298 K epw 1
atm a¿Z-Ønepw  H+ emb-\n-bpsS KmVX 1
tamfm¿ (1 M) Bbn-cn-°p-tºmgpw CXns‚

Up-ambn _‘n-∏n®p In´p∂ sk√ns‚ e.m.f.
I≠m¬ aXn.

Ãm≥tU¿Uv ssl{U-P≥ Ce-Ivt{Sm-

Uns\ {]amWw (reference) Bbn h®p-sIm≠v

Ce-Ivt{Sm-Up-I-fpsS s]m´≥jy¬ IW-°m-

°p∂sXßs\ F∂p t\m°mw.

Ãm≥tU¿Uv ssl{U-P≥ Ce-Ivt{SmUpw

X∂n-cn-°p∂ Ce-Ivt{SmUpw XΩn¬ Hcp

thmƒ´v ao‰¿ hgn _‘n-∏n -°p-I. Ce-

Ivt{SmUp s]m´≥jyepw SHE s]m´≥-jyepw

XΩn-ep≈ hyXymkw Bbn-cn°pw thmƒ´v

ao‰¿ doUnw -K v .  SHEs‚ Ce-Ivt{SmUv

s]m´≥jy¬ ]qPy-am-b-Xn-\m¬  thmƒ v́ ao‰¿

doUnwKv Bbn-cn°pw X∂n-cn -°p∂ Ce-

Ivt{SmUns‚ s]m´≥jy¬ . CXns\

Ãmt‚¿Uv Ce-Ivt{SmUv s]m´≥jy¬ F∂p

]d-bp-∂p.  CXv E0 F∂ A£-cw-sIm≠v kqNn-

∏n-°mw.  CXns‚ bqWn‰v thmƒ´v (V) BWv.

DZm-l-c-W-ambn ZnSO4 emb-\n-bn¬

ap°nb Zn Ce-Ivt{Sm -Uv, Ãm≥Um¿Uv

ssl{U-P≥ Ce-Ivt{Sm-Up-ambn _‘n-∏n-°p-

tºmƒ In´p∂ thmƒ´v ao‰¿ doUnwKv 0.76
BsW-¶n¬, Zn Ce-Ivt{Sm-Uns‚ Ce-Ivt{SmUv

s]m´≥jy¬ (EZn2+/Zn) 0.76 V Bbn IW-

°m-°mw. ChnsS In´p∂ Ce-Ivt{SmUv

s]m´≥jy-ens‚ hne t]mkn-‰othm s\K-

]´nI 4.1

Bt\mUv ImtYmUv cmk-{]-h¿Ø\w

Bt\mUv ImtYmUv

sk¬ 1 Zn Cu Zn

→

Zn2+ + 2e-- Cu2++2e--

→

Cu
Nn{Xw 4.2

sk¬ 2 Cu Ag Cu

→

Cu2+ + 2e-- Ag+ + 1e--

→

Ag
Nn{Xw 4.3
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‰othm BImw.  CXv ssl{U-P≥ Ce-Ivt{Sm-

Un¬ \S-°p∂ cmk{]h¿Ø-\-Øns‚ kz`m-

hsØ B{i-bn-®n-cn-°p-∂p.  ssl{U-P≥ Ce-

Ivt{Sm -Un¬ \S-°p∂ cmk-{]-h¿Ø\w

HmIvkn-tU-j-\m-sW-¶n¬, Cu hne t]mkn-

‰ohpw, dnU-Ivj-\m-sW-¶n¬ s\K-‰ohpw Bbn-

cn-°pw.

Nne Ce-Ivt{Sm-Up-Isf ssl{U-P≥ Ce-

Ivt{Sm-Up-ambn _‘n-∏n-°p-tºm-ƒ ssl{U-

P≥ Ce-Ivt{Sm-Un¬ \S-°p∂ {]h¿Ø\w

thmƒ´v ao‰¿ doUnwKv, Ce-Ivt{Sm-Up-I-fpsS

s]m´≥jy¬ F∂nh Dƒs∏´ ]´nI(4.2)

Xmsg sImSp-Øn-cn-°p-∂Xp ]qcn-∏n-°q.

s]m´≥jy¬ Ipd-hp≈ Ce-Ivt{Sm-Un¬

HmIvkn-tU-j≥ \S-°p-Ibpw (B-t\mUv)

s]m´≥jy¬ IqSp-X-ep≈ Ce-Ivt{Sm-Un¬

dnU-Ivj≥ (Im-tYmUv) \S-°p-Ibpw sNøp-∂p.

]´nI 4.2¬ sImSp-Øn-cn-°p∂ teml

Ce-Ivt{Sm-Up-Iƒ tN¿Øp \n¿an-°m-hp∂

\mep sk√p-I-fpsS Bt\mUpw ImtYmUpw

Is≠Øn Ce-Ivt{SmUp cmk-{]-h¿Ø\w

Fgp-Xp-I.

sk√ns‚ e.m.f. Ce-Ivt{SmUv s]m´≥-

jyens‚ hyXym-k-am-sW-∂-dn -bm-at√m?

sk√ns‚ e.m.f. = s]m´≥jy¬ IqSnb Ce-

Ce-Ivt{SmUv ssl{U-P≥ Ce-Ivt{Sm-Un¬ thmƒ´v ao‰¿ Ce-Ivt{SmUv

 \S-°p∂ {]h¿Ø\w doUnwKv s]m´≥jy¬

Zn2+/Zn dnU-Ivj≥ 0.76 -- 0.76

Cu2+/Cu HmIvkntUj≥ 0.34 +0.34

Ag+/Ag ................... 0.80 +0.80

Al3+/Al ................... ......... -- 1.66

Mg2+/Mg dnU-Ivj≥ 2.52 .........

]´nI 4.2

Nn{Xw 4.4

Hcp sshZypX cmk-sk-√nse c≠v Ce-

Ivt{Sm-Up-I-fn¬ GXn-emWv HmIvkn-tU-j≥

\S-°p-∂Xv GXn-emWp dnU-Ivj≥ \S-°p-

∂Xv F∂p Xocp-am-\n-°p-∂Xv Ce-Ivt{SmUv

s]m´≥jy-ens‚ aqeyw t\m°n-bm -Wv.

Ivt{SmUv s]m´≥jy¬ ˛ s]m´≥jy¬

Ipd™ Ce-Ivt{SmUv s]m´≥jy¬.

DZm-l-c-W-ambn tIm∏-dns‚ Ce-Ivt{SmUv

s]m´≥jy¬ +0.34 VDw kn¶n-t‚Xv 
_
0.76 V

Dw BW-t√m.  Ch tN¿∂p -≠m-Ip∂

V

kn¶v

kn¶v kƒt^‰v

emb\n

←
ssl{U-P≥

sslt{Um

t¢mdnIv

BknUv

ssl{U-P≥
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sk√ns‚ e.m.f. Ãmt‚¿Uv Ah-ÿ-I-fn¬

E0cell F∂p kqNn-∏n-°mw.

E0cell = E0Cu2+/Cu  ---  E0Zn2+/Zn

= (+0.34 V) --- ( --- 0.76 V)

= +1.1V

sk¬ e.m.f. Ft∏mgpw t]mkn-‰o-hm-bn-

cn°pw F∂v Duln-°m-at√m?

E0Cu2+/Cu = +0.34 V

E0Ag+/Ag = +0.80V Ch tN¿∂p-≠m-

Ip∂ sk¬ e.m.f. I≠p-]n-Sn-°p-I.

Ce-Ivt{Sm-Up-IfpsS s]m´≥jy¬ Adn-bm-

sa-¶n¬ A\p-tbm-Py-amb e.m.f. DXv]m-Zn-∏n-°m-

at√m?  Ce-Ivt{Sm-Up-IfpsS s]m´≥jy¬

ssl{U-P≥ Ce-Ivt{SmUv D]-tbm-Kn®p I≠p-

]n-Sn®v Hcp ]´n-I-bn¬ tcJ-s∏-Sp-Øn-bm¬

CXv Ffp-∏-am-In-t√?

Ãm≥tU¿Uv Ah-ÿ-bnse Ce-Ivt{Sm-

Up- s]m´≥jy-ens‚ {Ia-Øn¬ Ce-Ivt{Sm-Up-

I-fpsS hn\y-kn-®n -cn -°p∂ koco-kns\

CeIvt{Sm sIan-°¬ kocokv (electro
chemical series) F∂p ]d-bp-∂p. (]´nI 4.3)

sshZypX hnt«-jWw

sshZypX{]hmlw cmk-{]-h¿Ø-\-Øn\p

Imc-W-am-Ip-∂-sX-ßs\ F∂p t\m°mw.

Aev]w BknUp tN¿Ø Pe-Øn-eqsS

sshZypXn IS-Øn-hn´v ssl{U-P\pw HmIvkn-

P\pw \n¿an-®n-´p -≠t√m?  ChnsS Pew

AXns‚ LS-I-aq-e-I-ß-fmbn hnL-Sn-®-Xn\p

ImcWw sshZyp-Xn-bm-Wt√m?

CXp -t]mse, Dcp -Inb tkmUnbw

t¢mssd-Un-eqsS sshZypXn IS-Øn-hn-´m¬

F¥p kw`-hn-°p∂p F∂p t\m°mw.

Nn{Xw 4.5

t]mkn-‰ohv

Ce-Ivt{SmUv

Dcp-Inb

NaCl

s\K-‰ohv Ce-

Ivt{SmUv

DC

Ce-Ivt{Sm- sIan-°¬ kocokv

Ce-Ivt{SmUv Ce-Ivt{SmUv

s]m´≥jy¬ (V)

Li+/Li -3.04

K+/K -2.92

Ca2+/Ca -2.87

Na+/Na -2.71

Mg2+/Mg -2.52

Al3+/Al -1.66

Zn2+/Zn -0.76

Fe2+/Fe -0.44

Ni2+/Ni -0.28

Sn2+/Sn -0.15

Pb2+/Pb -0.13

H+/ 2
1

H2 0.00

Cu2+/Cu +0.34

I / I --- +0.53

Ag+/Ag +0.80

Hg2+/Hg +0.92

Cl / Cl --- +1.35

Au3+/Au +1.50

F / F --- +2.87

]´nI 4.3
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Dcp-Inb tkmUnbw t¢mssd-Un-eqsS

sshZypXn IS-Øn-hn-Sp∂ k÷o-I-c-W-amWv

Nn{X-Øn¬ (Nn-{Xw 4.5).

sshZypXn IS -Øn -hn - S p - tºmƒ

tkmUnbw t¢mssdUv Xmsg ]d-bpw-hn[w

hnL-Sn-°p-∂p.

 Na Cl
+ −

 Na+ + Cl----

$ t]mkn-‰ohv Atbm-Wp-Ifpw s\K-‰ohv

Atbm-Wp-Ifpw Ce-Ivt{Sm-Un-\p t\¿°p

Nen-°m≥ km[y-X-bpt≠m?

$ Na+ Atbm-Wp-Iƒ GXp Nm¿Pp≈ Ce-

Ivt{Sm-Un-te°p \oßpw?  F¥p-sIm≠v?

$ t]mkn-‰ohv Ce-Ivt{Sm-Un-te°p \oßp∂

Atbm¨ GXv?

$ Na+ Atbm-Wp-Iƒ tkmUnbw B‰w

BIp-∂-sX-ßs\ F∂p {i≤n-°q.

Na+ + 1e----  Na

$ Cu {]h¿Ø\w HmIvkn-tU-jt\m dnU-

Ivjt\m?

$ Na+ \mh-iy-amb Ce-Ivt{Sm-Wp-Iƒ e`n-°p-

∂Xv GXv Ce-Ivt{Sm-Un¬ \n∂p-amWv?

$ Cl--- Atbm-¨ Hcp CeIvt{SmWns\ \jvS-

s∏-Sp-Øn-bm¬ F¥p kw`-hn°pw?

Cl---- --- e----  Cl

Cl + Cl  Cl2

t¢mdn≥ B‰w t¢mdn≥ X∑m-{X-bmbn

amdp∂Xv F¥p-sIm≠v?

F√m ]Zm¿Y-ß-fneqsSbpw sshZypXn

IS-Øn-hn´v hnL-Sn -∏n -°m≥ Ign-bptam?

NaCl  emb\n, BknUp tN¿Ø Pew, asÆ-

Æ, •qt°mkv emb\n F∂n -h -bn -¬

GsXms°  sshZypXn IS-Øn-hnSpw?  F¥p-

sIms≠∂v   Ah-bnse cmk-_-‘\coXn-

bpsS ASn-ÿm-\-Øn¬ hni-Zo-I-cn-°mtam?

Peob emb-\n-bntem Dcp-Inb Ah-ÿ-

bntem  hn]-coX Nm¿Pp≈ Atbm-Wp-I-

fmbn amdp∂ kwbp-‡-ß-fmWv Ce-Ivt{Sm-

sse-‰p-Iƒ (electrolytes).  Hcp Ce-Ivt{Sm-

sse-‰n-eqsS sshZypXn ISØn hnSp-tºmƒ

Atbm-Wp -Iƒ th¿Xn -cn -bp∂ {]Xn -`m -

ksØ Ce-Ivt{Sm-en-knkv (electrolysis)
F∂p ]dbp-∂p.

Atbm-WnI kwbp-‡-ß-fpsS emb-\n-

Iƒ CeIvt{Smsse‰p-I-fm-Wv.  F¥p-sIm-≠m-

sW∂p hni-Zo-I-cn-°mtam?

t]mfm¿ kwbp -‡-ß-fpsS Peob

emb\n sshZypX hnt«-j-W-Øn\p hnt[-

b-am-Ip-∂p.  F¥p-sIm≠v?  t\m¨ t]mfm¿

kwbp-‡-ßƒ sshZypXn ISØn hnSp-∂n√.

Imc-W-sa¥v?

Xmsg ]d -bp∂ kwbp -‡-ß-sf

AtbmWn-Iw, t]mfm¿, t\m¨t]m-fm¿

F∂p Xcw Xncn -°p -I. Ch-bn¬ \n∂v

CeIvt{Sm-sse‰p-Isf Xncn-®-dn-bmtam?

CuSO4, HCl, H2SO4, KCl, KNO3,
NH4Cl, asÆ-Æ, s]t{Smƒ.

Dcp -Inb tkmUnbw t¢mssd-Uns‚

sshZypX hnt«-j-W-Øn¬ s\K-‰ohv Ce-

Ivt{Sm-Un¬  tkmUn-bhpw t]mkn-‰ohv Ce-

Ivt{Sm-Un¬  t¢mdn\pw \nt£-]n-°-s∏-Sp-

∂-Xmbn I≠t√m?

Na+ + 1e---  Na (s\-K-‰ohv Ce-Ivt{Sm-Uv)
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Cu {]h¿Ø-\w HmIvko-I-c -Wtam

\ntcm-Ivko-I-c-Wtam?

Cl--- - 1e--- 

→

 Cl (t]mkn-‰ohv Ce-Ivt{Sm-Uv)

Cu {]h¿Ø-\-Øn¬ Ce-Ivt{Sm¨

\jvS-s∏-Sp∂ {]h¿Ø\w HmIvko-I-c-W-am-

Wt√m?  HmIvko-I-cWw \S-°p∂ Ce-

Ivt{Sm-Uns\ Bt\m-sU∂pw \ntcm-Ivko-I-

cWw \S-°p∂ Ce-Ivt{Sm-Uns\ ImtYmUv

F∂pw hnfn -°p -∂p -sh -∂ -d n -bm -at√m?

F¶n¬ ChnsS s\K-‰ohv Ce-Ivt{SmUv,

t]mkn -‰ohv Ce-Ivt{SmUv F∂nh-bn¬

ImtYm-Uv, Bt\mUv Xncn-®-dn-bm-at√m?

Xmsg ]d-bp∂ CeIvt{Smsse‰p-I-fpsS

sshZypX hnt«-j-W-Øn¬ Bt\m-Unepw

ImtYm-Unepw \nt£-]n-°-s∏-Sp∂ aqe-I-

ßƒ Is≠-Ømtam?

Ce-Ivt{Sm-sse‰v ImtYmUv Bt\mUv

Dcp-Inb NaCl Na Cl2

Dcp-Inb KBr

H2O

Dcp-Inb CaCl2

]´nI 4.4

emb-\n-I-fpsS sshZypX hnt«-jWw

tkmUnbw t¢mssd-Uns‚ Peob emb-

\n-bn-eqsS sshZypXn IS-Øn-hn-Sp-I.  c≠v

Ce-Ivt{Sm-Unepw D≠m-Ip∂ hmX-I-ßƒ

Xncn-®-dn-bp-I.  cmk-hn-L-S\w Xmsg sImSp-

Øn-cn-°p-∂p.

NaCl 

→

 Na+ + Cl----

H2O 

→

 H+ + OH----

ChnsS c≠p t]mkn-‰ohv Atbm-Wp-Ifpw

c≠p s\K-‰ohv Atbm-Wp-Ifpw D≠m-Ip-∂p-

≠t√m?

$ GsXms° Atbm-Wp-Iƒ ImtYm-Un -

te°v \oßpw?

$ Cl----, OH---- Atbm-Wp-Iƒ GXv Ce-Ivt{Sm-

Un-te°v \oßpw?

$ Htc Ce-Ivt{Sm-Un-se-Øp∂ c≠v Atbm-

Wp-I-fpsS \ntcm-Ivko-I-cW {]h-W-Xbpw

HmIvko-I-cW {]h-W-Xbpw H∂p-X-s∂-bm-

bn-cn-°ptam?  F¥p-sIm≠v?

$ Na+, H+ Cu Atbm-Wp-I-fn¬ \ntcm-Ivko-

I-cW {]h-WX IqSp-X¬ B¿°mWv?

CeIvt{Sm sIan -°¬ kocokv t\m°n

I≠p-]n-Sn-°m-a-t√m.

$ Cl----, OH---- Atbm-Wp-I-fn¬ HmIvko-I-

cW {]h-WX IqSp-X¬ Cl---- Atbm-Wp-

Iƒ°msW-¶n¬ Bt\m-Un¬ \S-°p∂

{]h¿Ø\w Fgp-Xp-I.

NaCl emb-\n-bpsS sshZypX hnt«-

jW ka-bØv ssl{U-P\pw t¢mdn\pw

\nt£-]n-°-s∏-Sp-∂-sX-¥p-sIm-≠m-sW∂p

]d-bm-a-t√m.

tIm∏¿ kƒt^‰ v  emb -\n -bpsS

sshZypX hnt«-j-W-Øn¬ D≠m-Ip∂

DXv]-∂-ßƒ {]h-Nn-°mtam?

CuSO4 

→

 ............. + ..............

H2O 

→

 ................. + .............

$ Cu2+, H+  F∂o Atbm-Wp-I-fn¬ GXn-

\mWv \ntcm-Ivko-I-cW {]h-WX IqSp-

X¬?

$ SO4
2----, OH---- Atbm-Wp-I-fn¬ HmIvko-I-

cW {]h-WX IqSp-X-ep-≈Xv OH---- Atbm-
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Wn\mWv. AXn-\m¬ Bt\m-Un¬ Xmsg

]d-bp∂ cmk-{]-h¿Ø\w \S°p-∂p.

OH ----  OH + 1e ----

'OH' {Kq∏n\v ÿnc-Xbn-√m-Ø-Xn-\m¬

Ah kwtbm-Pn®v Pehpw HmIvkn -P≥

B‰hpw D≠m-Ip-∂p.  c≠v HmIvkn-P≥ B‰-

ßƒ tN¿∂v O2 hmXIw D≠m-Ip-∂p.

OH + OH  H2O+ (O)

(O) + (O) O2

^mc-sU-bpsS sshZypX hnt«-j-W-\n-^mc-sU-bpsS sshZypX hnt«-j-W-\n-^mc-sU-bpsS sshZypX hnt«-j-W-\n-^mc-sU-bpsS sshZypX hnt«-j-W-\n-^mc-sU-bpsS sshZypX hnt«-j-W-\n-

bawbawbawbawbaw

Ce-Ivt{Sm-en-kn-kns‚ ̂ e-ambn Bt\m-

Unepw ImtYm-Unepw ]Zm¿Y-ßƒ \nt£-

]n-°-s∏-Sp-∂-Xmbn I≠t√m?  Ce-Ivt{Sm-

sse-‰n-eqsS IS-Øn-hn-Sp∂ sshZyp-Xn-bpsS

Afhpw \nt£-]n-°-s∏-Sp∂ ]Zm¿Y-Øns‚

amkpw XΩn¬ Fs¥-¶nepw _‘-apt≠m?

tIm∏¿ kƒt^‰v emb-\n -bn -eqsS

sshZypXn ISØn hn´-t∏mƒ In´nb \nco-

£W ̂ e-ß-fmWv Xmsg sImSp-Øn-cn-°p∂

]´n-I-bn¬ sImSp-Øn-´p-≈-Xv.

{Ia IS-Øn-hn´ \nt£-]n®

-\-º¿ sshZyp-Xn-bpsS tIm∏-dns‚

Afhv Afhv {Kman¬

Ipfw-_n¬

1 5400 1.78

2 13500 4.45

3 27000 8.90

IS-Øn-hn´ sshZyp-Xn-bpsS Afhpw

D≠mb tIm∏-dns‚ Afhpw XΩn-ep≈

_‘w F¥v?

sshZyp-Xn-bpsS Afhp IqSn-b-t∏mƒ

\nt£-]n-°-s∏-Sp∂ tIm∏-dns‚ Afhpw

IqSn-bt√m?  AXm-bXv Ch t\¿ A\p-]m-

X-Øn-em-sW∂p ]d-bmw.

Cu _‘w BZy-ambn {]kvXm-hn-®Xv

^mc-sU-bm-Wv.  AXn-\m¬ CXv ^mc-sU-

bpsS sshZypX hnt«-jW \nbaw F∂-dn-

b-s∏-Sp-∂p.

sshZyp-Xn-bpsS Afhv q F∂pw \nt£-

]n-°p∂ ]Zm¿∞-Øns‚ Afhv m F∂pw

kqNn-∏n-®m¬ Cu _‘w Xmsg ]d-bpw-

hn[w kqNn-∏n-°mw.

m  q

m = ÿnc-kwJy x q = z x q

Hcp Iptfmw sshZypXn IS-Øn-hn-Sp -

tºmƒ \nt£-]n-°-s∏-Sp∂ ]Zm¿Y-Øns‚

Af-hmWv z.

$ 9650 Iptfmw sshZypXn, tIm∏¿ kƒt^‰v

emb-\n-bn¬°qSn IS-Øn-hn-´-t∏mƒ 3.18
{Kmw tIm∏¿ \nt£-]n-®p.  tIm∏-dns‚ z
hne F{X?

sshZyp-Xn-bpsS Afhv (q) = 9650 Iptfmw

(coulomb)

tIm∏-dns‚ Afhv (m) = 3.18 {Kmw

m = zq

z = m/q

= 3.18/9650

= 0.0003295 {Kmw/Iptfmw

$ Hcp aqe-I-Øns‚ Z hne 0.00025 {Kmw/

Iptfmw BWv.  500 Iptfmw sshZypXn

IS-Øn-hn-Sp-tºmƒ \nt£-]n-°p∂ aqe-I-

Øns‚ Afhv F{X?
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kw{Klw

$ cmtkm¿Pw sshZyp-tXm¿P-ambpw, sshZyp-tXm¿Pw cmtkm¿P-ambpw

amdp∂ kwhn-[m-\-amWv sshZypX cmk-sk¬.

$ Hcp aqe-I-Øn\v AXn-s‚-Xs∂ emb-\n-bn¬ Bbn-cn-°p-tºmƒ Ce-Ivt{Sm-

Wp-Iƒ hn´p-sIm-Sp-°p-Itbm kzoI-cn-°p-Itbm sNøm-\p≈ {]h-W-X-

bmWv AXns‚ Ce-Ivt{SmUv s]m´≥jy¬.

$ Hcp Ce-Ivt{Sm-Uns‚ s]´≥jy¬ Af-°m≥ Ign-bn -√.  F∂m¬

s]m´≥jy¬ hyXymkw Af-°mw.

$ Ãmt‚¿Uv Ah-ÿ-bnse (1 atm a¿Zw, 1M KmV-X, 298 K) ssl{U-P≥

Ce-Ivt{Sm--Uns‚ s]m´≥jy¬ ]qPyw Bbn \nP-s∏-Sp-Øn-bn-cn-°p-∂p.

CXns\ Ãmt‚¿Uv ssl{U-P≥ Ce-Ivt{SmUv SHE F∂p hnfn-°p-∂p.

$ SHE {]am-W-ambn FSp-Øp-sIm≠v a‰v Ce-Ivt{Sm-Up-I-fpsS s]m´≥jy¬

aqeyw IW-°m-°p-∂p.

$ c≠v Ce-Ivt{Sm-Up-Iƒ XΩn-ep≈ s]m´≥jy¬ hyXym-k-amWv B

sk√ns‚   e.m.f.

$ HmIvkn-tU-j≥ kw`-hn-°p∂ Ce-Ivt{SmUv Bt\mUpw \ntcm-Ivko-I-cWw

kw`-hn-°p∂ Ce-Ivt{SmUv ImtYmUpw BWv.

$ aqe-I-ßsf Ah-bpsS dnU-Ivj≥ s]m´≥jyens‚ Btcm-lW {Ia-Øn¬

hn\y-kn-®n-cn-°p∂ t{iWn-bmWv Ce-Ivt{Sm-sI-an-°¬ koco-kv.

$ Dcp-In-bm-h-ÿ-bntem emb-\n-bntem  hn]-coX Nm¿Pp≈ Atbm-Wp-I-

fm-bn-Øo-cp-Ibpw sshZypXn IS-Øn-hn-Sp-Ibpw  sNøp∂ ]Zm¿Y-ß-fmWv

CeIvt{Sm-sse‰p-Iƒ.

$ Hcp Ce-Ivt{Sm-sse-‰n-eqsS IS-∂p-t]m-Ip∂ sshZyp-Xn-bpsS Af-hns‚

t\¿ A\p-]m-X-Øn-em-bn-cn°pw Ce-Ivt{Sm-Un¬ \nt£-]n-°-s∏-Sp∂

]Zm¿∞-Øns‚ amkv.  CXmWv ^mc-sU-bpsS sshZypX hnt«-jW

\nbaw.
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1. A, B, C, D, E F∂o Ce-Ivt{Sm-Up-Iƒ°v

bYm-{Iaw -2.78, -1.75, -0.81, +0.34,
+0.80 V Ce-Ivt{SmUv s]m´≥jy¬ D≠v.

Xmsg ]d-bp∂ tPmSn Ce-Ivt{SmUpIƒ

tN¿∂m-ep-≠m-Ip∂ sk√ns‚ Bt\m-Uv,

ImtYm-Uv, sk¬ e.m.f. Ch Is≠-ØpI.

(a) A - C   (b) B - D  (c) C - E  (d) A - D

2. t¢mssdUpw ̂ vfqssdUpw Atbm-Wp-Iƒ

AS-ßnb Hcp emb\n sshZypX hnt«-

jWw \S-Øn-bm¬ GXv Atbm¨, aqe-

I-ambn amdpw?  F¥p-sIm≠v?

3. sshZypX hnt«-jWw Hcp dntUmIvkv

{]h¿Ø-\-am-Wv.  hni-Z-am-°p-I.

4. sshZypX hnt«-j-W-Øns‚ {]mtbm-KnI

^eßƒ Is≠-Øp-I.

Ce-Ivt{Sm-Up-Iƒ _mly k¿Iyq-´n¬ HmIvko-I-cWw \ntcm-Ivko-I-cWw

_‘n-∏n-®n-cn-°p∂p

Zn Ce-Ivt{SmUv ˛ Fe Ce-Ivt{SmUv

Ni Ce-Ivt{SmUv ˛ Sn Ce-Ivt{SmUv

Al Ce-Ivt{SmUv ˛ Cu Ce-Ivt{SmUv

XpS¿{]-h¿Ø\-ßƒ

5. Im¬°p-te-‰¿, hm®v F∂n-h-bn-ep-]-tbm-

Kn-°p∂ sk√p-Iƒ GsX∂p I≠p-]n-Sn-

°p-I.

6. tIm∏¿ kƒt^‰v emb-\nsb Pt Ce-

Ivt{Sm-Up-Iƒ D]-tbm-Kn®v sshZypX

hnt«-jWw \S-Øp-tºmƒ Bt\m-
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