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lkjka’k

f}vk/kkjh feJ.k ,fFky ,lhVsV ¼1½ $ 1& vksDVsu‚y ¼2½ ds fy, ijk/ofud osx ¼u½] ?kuRo ¼½ vkSj
';kurk ¼½ ds çk;¨fxd eku¨a d¨ ok;qeaMyh; nkc rFkk rkieku T = ¼295-15K] 298-15K] 301-15K vkSj
305-15K½ ij budh laiw.kZ lajpuk ijkl  ij ekik x;kA ç;¨xkRed MkVk }kjk vfrfjDr /ofu osx ¼uE½]
vfrfjDr ';kurk ¼E½] vfrfjDr eqDr vk;ru ¼V

f
E½ vkSj vfrfjDr vkarfjd nkc ¼P

i
E½ dh x.kuk dh xÃA

bu ifj.kke ä d¨ jsMfyp&fdLVj cgqin lehdj.k esa fQV fd;k x;kA ç;¨xkRed MkVk }kjk vfrfjDr
';kurk ¼E½] vfrfjDr eqDr vk;ru ¼V

f
E½ vkSj vfrfjDr vkarfjd nkc ¼P

i
E½] lHkh rkieku ä ds fy,

udkjkRed ik, x,A vfrfjDr /ofu osx ¼uE½] vfrfjDr ';kurk ¼E½] vfrfjDr eqDr vk;ru ¼V
f
E½ vkSj

vfrfjDr vkarfjd nkc ¼P
i
E½ d¨ 295-15K] 298-15K] 301-15K vkSj 305-15K ij budh laiw.kZ lajpuk

ijkl ij ,fFky ,lhVsV ds e¨y va’k ds lkis{k xzkQ }kjk fpf=r fd;k x;k gSA bu feJ.k ä esa varj&vk.kfod
var%fØ;k dh çÑfr vkSj cy ij ppkZ djus ds fy, mudk fo’ys"k.k fd;k x;k gSA

Abstract

Experimental values of ultrasonic velocity (u), density (ρ) and viscosity () for the binary
mixture Ethyl acetate (1) + 1-Octanol (2) were measured over the whole composition range at
different temperatures T = (295.15K, 298.15K, 301.15K and 305.15K) at the atmospheric pressure.
From the experimental data excess sound velocity (uE), excess viscosity (E), excess free volume

( E
fV ) and excess internal pressure (P

i
E) were calculated. These results have been fitted to the Redlich-

Kister polynomial equation. Excess viscosity (), excess free volume ( E
fV ) and excess internal

pressure (P
i
E) found to be negative for all temperatures. Excess sound velocity (uE), excess viscosity

(E), excess free volume ( E
fV ) and excess internal pressure (P

i
E) are plotted against the mole fraction

of ethyl acetate over the whole composition range at 295.15K, 298.15K, 301.15K and 305.15 K.
The given mixture have been analysed to discuss the nature and strength of intermolecular interactions
in these mixtures.

eq[; 'kCn & ijk/ofud osx] ?kuRo] ';kurk] f}vk/kkjh rjy feJ.k] vkarfjd nkc

Keywords: Ultrasonic Velocity] Density] Viscosity] Binary Liquid Mixtures] Internal Pressure
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izLrkouk

çLrqr 'k¨/k i= ,fFky ,lhVsV ;qDr f}vk/kkjh rjy feJ.k ds Hk©frd xq.k ä d¨ ekius vkSj muds
vfrfjDr xq.k ä d¨ Kkr djus ds fy, fd;s tk jgs 'k¨/k dk;ZØe ä ds varxZr vkrs gS ¼1½A gky ds o"kks± esa]
f}vk/kkjh rjy feJ.k esa eqDr vk;ru vkSj vkarfjd nkc }kjk ijLij vk.kfod fØ;k ds v/;;u esa egRoiw.kZ
o`f) gqÃ gSA f}vk/kkjh rjy feJ.k ds ijk/ofud osx ¼u½] ?kuRo ¼½ vkSj ';kurk ¼½ O;kogkfjd vkSj
egRoiw.kZ gSaA lS)kafrd :i ls rjy vkSj rjy feJ.k dh eqDr vk;ru vkSj vkarfjd nkc dh x.kuk djus
ds fy, dÃ ç;kl fd, x, gS aA çLrqr 'k¨/k i= es fofHkUu rkiekuk s a T = (295.15K,

298.15K, 301.15 K vkSj 305.15 K) vkSj ok;qeaMyh; nkc ij ,fFky ,lhVsV ¼1½ vkWDVsu‚y ¼2½ esa eqDr
vk;ru vkSj vkarfjd nkc dk vuqeku yxkus ds fy, lS)kafrd rjhd¨a dk mi;¨x fd;k x;k gSA f}vk/kkjh
feJ.k ,fFky ,lhVsV ¼1½ $ 1&vkWDVsu‚y ¼2½ ds fy, ijk/ofud  osx ¼u½] ?kuRo ¼½ vkSj ';kurk ¼½ d¨
fofHkUu rkiekuksa T = ¼295-15K ] 298-15K] 301.15 K vkSj 305.15 K) ij lEiw.kZ lajpuk ijkl ij ekik
x;k gS vkSj ok;qeaMyh; nkc ij ,fFky ,lhVsV vR;f/kd ?kqyu’khy of̀) n’kkZrk gSA eqDr vk;ru vkSj
vkarfjd nkc vkfn ls lEcaf/kr 'k¨/k¨ esa jlk;uK ä] Hk©frdfon ä vkSj jklk;fud bathfu;j ä }kjk xgu v/;;u
fd;k x;k gSA D; äfd ;g vk.kfod var%fØ;kvksa] vkarfjd lajpuk] DyLVfjax ?kVuk vkSj f}/kzqoh; var%fØ;kvksa
d¨ le>kus dk dk;Z  djrk gS ¼2&3½A rjy inkFkZ vkSj rjy feJ.k ds vkarfjd nkc dh x.kuk djus ds
fy, dÃ 'k¨/kdrkZvksa }kjk vusd ç;kl fd, x, gSa ¼4½A

çk;¨fxd vuqHkkx

,fFky ,lhVsV vkSj 1&vkWDVsu‚y] uked jlk;u¨a  d¨ edZ dse fyfeVsM Hkkjr ls >99% 'kq)rk ds lkFk
çkIr fd;k x;k gSA rkfydk&1 esa] n¨u ä rjy inkFkks± dk mi;¨x fcuk vf/kd 'kqf)dj.k ds fd;k tkuk
n’kkZ;k x;k gSA fofHkUu rkiekuksa T = ¼295-15K] 298-15K] 301-15K vkSj 305-15K½ ij 'kq) rjy inkFkks±
ds ijk/ofud osx ¼u½] ?kuRo ¼½ vkSj ';kurk ¼½ ds ç;¨xkRed eku ä dh rqyuk 'k¨/k fu"d"kks± esa miyC/k
eku ls dh vkSj bUgsa lwph c) fd;k x;k gS ¼5&22½A ;s fofHkUu eku rkfydk&2 esa  n’kkZ, x;s gSA

midj.k vkSj çfØ;k

,fFky ,lhVsV vkSj vkWDVsu‚y ds n¨u ä feJ.k 'kq) ?kVd¨a ds Kkr æO;eku vuqikr 10&5 xzke esa
feykdj rS;kj fd, x, gSaA rFkk bUgs ,d vadh; vk.kfod rqyk ¼Digital Electronic Balance½] flVhtu
Ldsy ¼vkÃ½ çkbosV fyfeVsM] eqacÃ] Hkkjr }kjk fufeZr dk mi;¨x dj ekik x;k gSA e¨y va’k ä esa ç;¨xkRed
vfuf’prrk ± 0-0005 ls vf/kd ugha ik;h x;h gSA lHkh Kkr æO;eku vuqikr }kjk rS;kj fd, x, gS lkFk
gh ok;q&j¨/kh MkV ekius okys ¶ykLd esa laxzghr fd, x, gSA

rkfydk 1- ç;qDr jklk;fud ;©fxd¨a dk foLr`r fooj.k
jklk;fud 

uke 
lw= lajpukRed lw= vkiwfrZdrkZ 

QeZ@eSd 
nzO;eku va’k 

'kqf) 
'kqf)dj.k 

fof/k 

,fFky ,lhVsV C4H8O2 

 

edZ dse fyfeVsM 
Hkkjr 

>99% dksbZ ugha 

vkWDVsukWy C H O CH -(CH ) -CH OH edZ dse fyfeVsM >99% dksbZ ugha 
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vkWDVsukWy C8H24O CH3-(CH3)6-CH2OH edZ dse fyfeVsM 
Hkkjr 

>99% dksbZ ugha 

 rkfydk 2- rkieku T = 298-15K vkSj ok;qeaMyh; nkc ij miyC/k lS)kafrd eku¨a ds lkFk 'kq)
?kVd¨a ds çk;¨fxd vkSj lS)kafrd eku¨a dh rqyukA

;kSfxd ?kuRo (ρ) / (g.cm-3) /ofuosx u / (m.s-1) ’;kurk η / (mPa s) 
 izk;ksfxd 

eku 
lS)kafrd 

eku 
izk;ksfxd 

eku 
lS)kafrd 

eku 
izk;ksfxd 

eku 
lS)kafrd 

eku 
Ethyl acetate 0.8820 0.8885 1125 1115 0.4402 0.4000 

  0.8941  1138  0.4570 
  0.8940  1138.62  0.4233 
  0.8943  1144  0.4280 
  0.8949  NA  NA 

n-Octanol 0.8242 0.8187 1327 1330 7.8512 7.6630 
  0.8220  1346  7.661 
  0.8216  1347  7.663 
  0.8217  1347  7.5981 

 
eki

?kuRo

'kq) rjy vkSj mlds feJ.k dk ?kuRo ± 0-01 kg-m&3 dh 'kq)rk ds lkFk lkis{k eki fof/k }kjk 25

feyh yhVj fof’k"V xq#Ro c¨ry dk mi;¨x djds ekik x;kA çk;¨fxd feJ.k ds lkFk fof’k"V xq#Ro c¨ry
d¨ rkieku fu;af=r ty ik= ¼,e- ,l- vkÃ- x¨;y oSKkfud] esjB] ;wih] Hkkjr½ esa tyeXu fd;k x;k gS]
tcfd ± 0-1ºC dh 'kq)rk ds lkFk &10ºC ls 85ºC ds rkieku Js.kh esa dke dj jgk FkkA

/ofu osx

ijk/ofud osx d¨ ekius gsrq 3 esxk gVZ~t ij dke djus okys cgq&vko`fÙk O;frdj.kekih
¼Multi&frequency Interferometer½ ¼e‚My ,Q & 80 Mh½] feÙky ,aVjçkbt] uÃ fnYyh] dk mi;¨x
fd;k x;k gS A ijk/ofud O;frdj.kekih  d¨ ikuh vkSj csathu ls va’kkafdr fd;k x;k FkkA ijk/ofud
O;frdj.kekih ds ek/;e ls /ofu osx d¨ ekius okys lsy esa DokVZ~t fØLVy }kjk mRikfnr Kkr vko`fÙk
dh ijk/ofud rjax¨a dh rjax nS/;Z ds lVhd fu/kkZj.k ij vk/kkfjr gSA O;frdj.k lsy d¨ ijh{k.k rjy

ls Hkj fn;k x;k Fkk] vkSj bl ds pkj¨a vksj ikuh çlkfjr fd;k x;k Fkk vfuf’prrk dk vuqeku 0-1 1ms

FkkA 'kq) ,fFky ,lhVsV vkSj 1&vkWDVsu‚y ds ijk/ofud osx ds çk;¨fxd eku lacaf/kr ekud eku¨a ds
lkFk lar¨"kçn rqyuk djrs gSaA rqyukRed eku rkfydk&2 esa n’kkZ, x;s gSaA

';kurk

'kq) rjy inkFkZ vkSj rjy feJ.k dh ';kurk d¨ ekius gsrq vksLVokYM ';kurkekih ;a= ¼Viscometer½
dk mi;¨x fd;k x;k gSA yxHkx 15 feyh yhVj dh {kerk vkSj yxHkx 90 feeh dh yackÃ vkSj 0-5 feeh
vkarfjd O;kl okys dsf’kdk ;qDr bl ';kurkekih ;a= dk mi;¨x 'kq) rjy inkFkZ vkSj rjy feJ.k ds
çokg le; d¨ ekius ds fy, fd;k x;k gS ';kurkekih ;a= d¨ n¨ ckj vklqr ty vkSj csathu ds lkFk
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va’kkafdr fd;k x;k FkkA 'kq) rjy inkFkZ vkSj rjy feJ.k dk çokg le; ekius gsrq ç;¨x d¨ ikap ckj
n¨gjk;k x;kA çokg le; d¨ ,d bysDVª‚fud LV‚i o‚p ¼jslj½ ds lkFk ¼± 0-015½ ekik x;k gSa] vkSj
vkSlru de ls de ikap çokg le; eki yh xÃ gSaA eki ds n©jku ok"ihdj.k ds dkj.k g¨us okys uqdlku
d¨ j¨dus ds fy, ';kurkekih ;a= ds eq[k ij Xykl LV‚ij yxk;k x;k gSaA ';kurk dh vfuf’prrk ± 0-
005 ×10&3 m Pas FkhA ’kq) ,fFky ,lhVsV vkSj 1&vkWDVsu‚y dh ';kurk dk eku lacaf/kr 'k¨/k lanHkZ eku
ds lkFk rqyuk dh xÃ gSA rqyukRed eku  rkfydk&2 esa n’kkZ,  x;s gSaA

lS)kafrd

'k¨/kkfFkZ; ä }kjk eqDr vk;ru 'k¨/k fo"k; ds varxZr rjy ';kurk Kkr djus gsrq v/;;u fd;k x;k
gSA lw;Zukjk;.k vkSj vU; ¼23½ }kjk eqDr vk;ru Kkr djus ds fy,  fLFkfr ds ,d vk;keh fo’ys"k.k ds
vk/kkj ij lw= dk çfriknu fd;k ftlesa ijk/ofud  rjax] ,d rjy ek/;e ls xqtjrh gSA

3/2
fV (MU / k )  ...(1)

tgka] M vk.kfod Hkkj gS] u ijk/ofud osx gS]  ';kurk gS] V
f
] eqDr vk;ru feyh yhVj çfr e¨y

esa gS vkSj k ,d fLFkjkad gS] t¨ fd rkieku ls Lora= gS vkSj bldk eku lHkh rjy inkFkks± ds fy, 4-28×109

gSA

lw;Zukjk;.k vkSj dqIiqLokeh ¼6&7½ us ijk/ofud osx u] ?kuRo  vkSj ';kurk  ds v/;;u ls vkarfjd
nkc ds ewY;kadu gsrq fof/k dk çfriknu fd;k] çLrkfor laca/k d¨ fuEu lw= }kjk O;Dr fd;k x;k gS

1
2/32

i 7/6
eff

k
p bRT

u M

    
 

...(2)

tgka b iSfdax dkjd gS] ftls lHkh rjy inkFkks± ds fy, 2 ekuk tkrk gSA k ,d fLFkjkad gS] tks rkieku
ls Lora= gS vkSj lHkh rjy inkFkZ¨a ds fy, bldk eku 4-28 × 109 gS] R lkoZHk©fed xSl fLFkjkad gSvkSj T
iw.kZ rkieku gSA

ijk/ofud lacaf/kr eki naM ä ds vfrfjDr eku dh x.kuk fuEufyf[kr lw= dk mi;¨x djds dh xÃ
gSA

E
exp. 1 1 2 2A A (X A X A )    ...(3)

tgka A varj&vkf.od eqDr yackÃ] ekvksyj vk;ru] vkblsaVª¨fid ihfM+rrk] ';kurk vkSj vkarfjd nkc
tSls çkpy ä dk çfrfuf/kRo djrk gS vkSj X

1
 vkSj X

2
 mu ?kVd¨a ds e¨y va’k gSa ftuds ;s çkpy gSaA

ifj.kke vkSj ppkZ

f}vk/kkjh feJ.k ,fFky ,lhVsV ¼1½ vkSj 1&vkWDVsu‚y ¼2½ ds fy, fofHkUu rkiØe Øe’k% T = ¼295-
15K] 298-15K] 301-15K vkSj 305-15K½  vkSj ok;qeaMyh; nkc ij ijk/ofud osx ¼u½] ?kuRo ¼½ vkSj
';kurk ¼½ ds ç;¨xkRed eku] ,fFky ,lhVsV e¨y va’k ¼x

1
½ ds ,d dk;Z ds :i esa rkfydk&3 esa crk;s

x, gS rFkk buds vfrfjDr eku d¨ rkfydk&4 es n’kkZ;k x;k gSA
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rkfydk 3: fofHkUu rkieku ij ,fFky ,lhVsV $ 1&vkWDVsu‚y ds f}vk/kkjh rjy feJ.k ds fy,
?kuRo] /ofu osx] ';kurk] eqDr vk;ru vkSj vkarfjd nkc xq.k¨a dk ekuA

,fFky ,lhVsV 
dk eksy va’k 

(X1) 

?kuRo 
(ρ ) 

g.cm-3 

/ofu osx 
(u) 

m.s-1 

’;kurk 
(η) 

m.Pa.s 

eqDr vk;ur 
(𝑽𝒇)  

m3mol-1 

vkarfjd nkc 

(𝒑𝒊×𝟏𝟎
𝟒) N 

m-2 
295.15 K rkieku ij 

0.0000 0.8242 1327 7.8512 0.01165 0.66872 
0.1056 0.8259 1312 4.7776 0.02292 0.55668 
0.2095 0.8300 1294 3.2258 0.03838 0.49024 
0.3174 0.8318 1275 2.2206 0.06206 0.43728 
0.4286 0.8387 1239 1.5414 0.09634 0.37509 
0.5083 0.8400 1225 1.2853 0.11928 0.38467 
0.6196 0.8444 1214 0.9417 0.17562 0.35719 
0.7090 0.8586 1192 0.8858 0.17723 0.37519 
0.8064 0.8651 1164 0.6239 0.27175 0.34396 
0.9044 0.8716 1148 0.5565 0.29587 0.35364 
1.0000 0.8820 1125 0.4402 0.38161 0.34494 

298.15 K rkieku ij298.15 K rkieku ij 

0.0000 0.8225 1310 7.8502 0.01132 0.66572 
0.1056 0.8232 1308 4.7745 0.02185 0.55452 
0.2095 0.8316 1282 3.2212 0.03785 0.49002 
0.3174 0.8386 1265 2.2156 0.06179 0.43652 
0.4286 0.8452 1224 1.5315 0.09529 0.37450 
0.5083 0.8462 1216 1.2752 0.17356 0.38356 
0.6196 0.8536 1182 0.9325 0.17652 0.35625 
0.7090 0.8623 1145 0.8832 0.27150 0.37425 
0.8064 0.8726 1130 0.6186 0.29456 0.34285 
0.9044 0.8821 1122 0.5521 0.29125 0.35225 
1.0000 0.8895 1115 0.4830 0.38056 0.34332 

301.15 K rkieku ij 
0.0000 0.8185 1308 7.8500 0.02132 0.66021 
0.1056 0.8192 1306 4.5625 0.05412 0.60213 
0.2095 0.8205 1290 3.2145 0.06524 0.54214 
0.3174 0.8245 1250 2.2130 0.10231 0.41235 
0.4286 0.8336 1225 1.5021 0.12561 0.40021 
0.5083 0.8350 1201 1.2785 0.13524 0.38561 
0.6196 0.8362 1189 0.9421 0.14286 0.37452 
0.7090 0.8486 1145 0.8898 0.16542 0.36021 
0.8064 0.8564 1110 0.6215 0.17451 0.35854 
0.9044 0.8615 1105 0.5565 0.28523 0.35121 
1.0000 0.8890 1103 0.4845 0.38098 0.34856 
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305.15 K rkieku ij 
0.0000 0.8172 1308 7.7721 0.02325 0.65215 
0.1056 0.8200 1302 4.4445 0.06123 0.64214 
0.2095 0.8236 1295 3.1952 0.06852 0.63541 
0.3174 0.8257 1265 2.1956 0.11421 0.62589 
0.4286 0.8324 1245 1.4852 0.12854 0.60213 
0.5083 0.8421 1236 1.2045 0.13452 0.59457 
0.6196 0.8498 1190 0.9410 0.14872 0.57461 
0.7090 0.8542 1175 0.9345 0.15871 0.48521 
0.8064 0.8612 1160 0.8562 0.16214 0.40125 
0.9044 0.8745 1124 0.5210 0.24521 0.38785 
1.0000 0.8856 1100 0.4810 0.38102 0.34125 

feJ.k ds ?kuRo ds ifj.kke crkrs gSa fd ;g rkieku ds lkFk c<+rk gS vkSj ,fFky ,lhVsV e¨y va’k
ds lkFk c<+rk gS] ysfdu fu/kkZfjr eqDr vk;ru] rkieku vkSj ,fFky ,lhVsV] e¨y va’k ds lkFk c<+rk gSA
;g bafxr djrk gS fd tfVy xBu vkSj varj&vk.kfod det¨j yxko gkbMª¨tu cU/k xBu ¼8½ ds dkj.k
g¨ ldrk gSA f}vk/kkjh rjy feJ.k ,fFky ,lhVsV ¼1½ $ 1&vkWDVsu‚y ¼2½ ds fy,] çkIr vfrfjDr /ofu
osx ¼uE½ eku fofHkUu rkieku T = ¼295-15K] 298-15K] 301-15K vkSj 305-15K½ ij laiw.kZ lajpuk lhek
ij /kukRed gSa tSlk fd fp=&1 es n’kkZ;k x;k gSA

fp=&1- vfrfjDr /ofu osx uE ds xzkQ ,fFky ,lhVsV x
1
 ds e¨y va’k ds lkis{k] f}vk/kkjh feJ.k

¼,fFky ,lhVsV ¼1½ $ 1&vkWDVsu‚y ¼2½ ds fy, vyx&vyx rkieku ijA

fdlh feJ.k esa ijk/ofud osx eq[; :i ls mlds vk.kfod xq.k ls çHkkfor g¨rk gSA fp=&1 esa n’kkZ,
x, vfrfjDr /ofu osx ¼uE½ ds ifj.kke v/;;u fd, fd, x,s lHkh pkj rkieku ä ds fy, /kukRed  gSaA
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vfrfjDr /ofu osx ¼uE½ esa /kukRed #>ku ns[kk x;k gSaA vfrfjDr /ofu osx esa ns[kh xÃ /kukRed çòfÙk; ä
ls ladsr feyrk gS fd feJ.k ds ?kVd ä dh Lo&lac) lajpuk ds VwVus ds dkj.k g¨us okyk çHkko gkbMª̈ tu
ca/ku vkSj foijhr v.kqvksa ds chp f}/kzqo&f}/kzqoh; var%fØ;k ds çHkko ij gkoh g¨rk gSA vfrfjDr /ofu osx
¼uE½ dk /kukRed eku rkieku esa of̀) ds lkFk c<+rk gS t¨ feJ.k esa lHkh pkj rkieku ä ds lkFk o`f) d¨
bafxr djrk gSA vfrfjDr /ofu osx ¼uE½ dk mPp /kukRed eku 298-15K ij ns[kk tkrk gSA /kukRed
vfrfjDr /ofu osx ¼uE½ Li"V :i ls crkrk gS fd lHkh pkj rkieku ä ds v.kqvksa ds chp etcwr vk.kfod
laidZ e©twn gSA fofHkUu rkiekuksa T = ¼295-15K] 298-15K] 301-15K vkSj 305-15K½ ij f}vk/kkjh rjy
feJ.k ,fFky ,lhVsV ¼1½ $ vkWDVsu‚y ¼2½ dh ';kurk ,fFky ,lhVsV ds e¨y va’k esa o`f) ds lkFk jSf[kd
:i ls ?kVrh gSA laiw.kZ e¨y va’k lhek ij lHkh pkj rkieku T = ¼295-15K] 298-15K] 301-15K vkSj 305-
15K½ ds fy, vfrfjDr ';kurk ¼E½ eku _.kkRed gSa tSlk fuEu fp=&2 }kjk çnf’kZr gSA

fp=&2- vfrfjDr ';kurk ¼E½ ds xzkQ ,fFky ,lhVsV x
1
 ds e¨y va’k ds lkis{k] f}vk/kkjh feJ.k

¼,fFky ,lhVsV ¼1½ $ 1&vkWDVsu‚y ¼2½½ ds fy, vyx&vyx rkieku ijA

vfrfjDr ';kurk eku] t¨ e¨y va’k ij f}vk/kkjh feJ.k ds 
exp
 dh fuHkZjrk ls fopyu dk çfrfuf/kRo

djrs gSa] dk mi;¨x feJ.k ?kVd ds varj&vk.kfod laidZ d¨ le>kus ds fy, fd;k x;k gSA çkjafHkd pj.k ä
esa vis{kkÑr cM+s E eku] f}vk/kkjh feJ.k ?kVd ä ds chp varj&vk.kfod gkbMª̈ tu ca/ku dk ladsr nsrs gS A
vfrfjDr ';kurk E eku ä  ds _.kkRed ifjek.k us vkos’k LFkkukUrj.k  dh xSj&e©twnxh ;k etcwr gkbMª̈ tu
cU/k ijLij fØ;k dh vuqifLFkfr dh Hkh iqf"V dh gS ftlds ifj.kke Lo:i f}vk/kkjh feJ.k ?kVd ä ds chp
tfVyrk g¨xhA _.kkRed E eku ;g ladsr ns ldrs gSa fd ,Ydsu &1&vks,y vkSj ,fFky ,lhVsV ds chp
ijLij lkgp;Z dh vkSlr fMxzh /khjs&/khjs de g¨ xÃ D; äfd ,Ydsu&1&vks,y dh Ja[kyk dh yackÃ c<+ xÃA
bl çdkj] yach J̀a[kyk okys ,Ydsu &1&vks,y okys flLVe ds fy, cM+s _.kkRed fopyu us bl flLVe esa
etcwr QSyko cy ä dh iqf"V dhA fp=&2 ls ;g ns[kk tk ldrk gS fd feJ.k esa rkieku c<+kus ij   dk

fujis{k eku ?kV tkrk gSA rkieku esa òf) ls 'kq) ?kVd dk Lo&lac)rk de g¨ tkrk gS vkSj foijhr v.kqvksa
ds chp fo"ke&lac)rk Hkh de g¨ tkrh gS] ,slk rkih; ÅtkZ esa òf) ds dkj.k g¨rk gSA blls rkieku c<+us
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ij   dk udkjkRed eku de g¨ tkrk gS] tSlk fd orZeku f}vk/kkjh feJ.k esa ns[kk x;k gSA dbZ 'k¨/kkfFkZ; ä

¼9&10½ }kjk blh rjg ds O;ogkj dh iqf"V dh xbZ gSA tcfd   dk _.kkRed eku QSyko ek/;e d¨ bafxr

djrk gSA ,fFky,lhVsV ¼1½ $ 1&vkWDVsu‚y ¼2½ feJ.k esa ns[ks x, vfrfjDr ';kurk ¼E½ ds _.kkRed eku
feJ.k ?kVd ä ds chp etcwr varj vk.kfod laidZ dh mifLFkfr dk ladsr nsrs gSaA lHkh ds fy, vfrfjDr
';kurk dk eku ¼E½ vk;fjax vkSj fg’kZQsYMj }kjk nh xÃ eqDr vk;ru dh ifjHkk"kk ls irk pyrk gS fd vkn’kZ
O;ogkj ls eqDr vk;ru esa fopyu ?kVd ä ds v.kqvksa ds chp vk.kfod var%fØ;k dk ladsr gSA feJ.k ds
Å"ekxfrdh; xq.k ä dh dÃ rjg ls O;k[;k dh xÃ gSA ftles eq[; :i ls gkbMª̈ tu c‚fUMax] f}/kzqo&f}/kzqo
{k.k] vkos'k LFkkukarj.k] vk.kfod cU/k vkfn gSa t¨ fofHkUu Å"ekxfrdh; ekinaM ä ds vfrfjDr eku esa _.kkRed
;¨xnku nsrs gSaA ;s _.kkRed eku feJ.k ds ?kVd ä ds chp etcwr var%fØ;k dk ladsr nsrs gSaA

rkfydk 4% fofHkUu rkieku¨a ij ,fFky ,lhVsV $ 1&vkWDVsu‚y ds f}vk/kkjh rjy inkFkZ feJ.k
ds fy, vfrfjDr /ofu osx ¼uE½] vfrfjDr ';kurk ¼E½] vfrfjDr eqDr vk;ru ¼V

f
E½ vkSj

vfrfjDr vkarfjd nkc ¼P
i
E½ xq.k¨a ds ekuA

,fFky ,lhVsV dk 
eksy va’k 

(X1) 

vfrfjDr /ofu 
osx 

(uE) 

vfrfjDr ';kurk 
(E) N Sm–2 

vfrfjDr eqDr 
vk;ru E

f(V )  
(m3) mol–1 

vfrfjDr vkarfjd 
nkc E 4

i(p 10 )  
m–2 

  295.15 K rkieku ij 
0.0000 0.00 0.0000 0.0000 0.0000 
0.1056 +6.36 -2.2921 -0.0278 -0.0778 
0.2095 +9.36 -3.0735 -0.0508 -0.1106 
0.3174 +12.14 -3.2790 -0.0670 -0.1286 
0.4286 +13.42 -3.4681 -0.0738 -0.1548 
0.5083 +14.73 -4.2162 -0.0804 -0.1694 
0.6196 +12.18 -2.7995 -0.0967 -0.1194 
0.7090 +8.25 -2.3178 -0.0652 -0.1109 
0.8064 +5.07 -1.7108 -0.0503 -0.0632 
0.9044 +3.72 -1.1250 0.0315 -0.0222 
1.0000 0.00 0.0000 0.0000 0.0000 

298.15 K rkieku ij 

0.0000 0.000 0.0000 0.0000 0.0000 
0.1056 +6.38 -2.8542 -0.0352 -0.0845 
0.2095 +10.45 -3.2145 -0.0452 -0.1002 
0.3174 +11.54 -4.7852 -0.0640 -0.1258 
0.4286 +12.84 -5.2142 -0.0854 -0.1387 
0.5083 +13.45 -5.8989 -0.0974 -0.1542 
0.6196 +15.87 -4.8745 -0.0810 -0.1701 
0.7090 +13.54 -3.4578 -0.0745 -0.1542 
0.8064 +12.45 -2.9856 0.0578 -0.1365 
0.9044 +6.85 -1.8745 -0.0381 -0.1025 
1.0000 0.00 0.0000 0.0000 0.000 

301.15 K rkieku ij 
0.0000 0.000 0.0000 0.0000 0.0000 
0.1056 +6.12 -2.8745 -0.0385 -0.0945 
0.2095 +9.78 -3.4217 -0.0487 -0.1065 
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0.2095 +9.78 -3.4217 -0.0487 -0.1065 
0.3174 +10.25 -4.9874 -0.0578 -0.1285 
0.4286 +11.85 -5.023 -0.0687 -0.1475 
0.5083 +13.45 -4.5235 -0.0789 -0.1700 
0.6196 +14.45 -3.7412 -0.0954 -0.1523 
0.7090 12.85 -3.1245 -.07998 -0.1278 
0.8064 +10.45 -2.4521 -0.0612 -0.1085 
0.9044 +0.747 -1.2584 -0.0421 -0.8524 
1.0000 0.00 0.000 0.0000 0.0000 

305.15 K rkieku ij 
0.0000 0.00 0.0000 0.0000 0.0000 
0.1056 +6.05 -2.9745 -0.0452 -0.8798 
0.2095 +8.65 -3.5689 -0.0542 -0.1085 
0.3174 +10.32 -4.8752 -0.0651 -0.1278 
0.4286 +12.45 -5.9874 -0.0796 -0.1387 
0.5083 +14.75 -6.4521 -0.0985 -0.1545 
0.6196 12.02 -4.2153 -0.0845 -0.1725 
0.7090 +10.75 -3.4541 -0.0641 -0.1463 
0.8064 +0.8421 -2.4215 -0.0521 -0.1287 
0.9077 +0.6887 -1.8542 -0.0410 -0.0978 
1.0000 0.00 0.000 0.0000 0.0000 

 fdlh Hkh ç.kkyh esa ,d ls vf/kd çdkj dh var%fØ;k dk laca/k g¨ ldrk gSA gkyk¡fd] Q¨VZ vkSj ewj
us vius }kjk v/;;u dh xÃ ç.kkfy; ä ds fy, vfrfjDr laihM+u ds vk/kkj ij rjy feJ.k ds O;ogkj dh
O;k[;k dhA orZeku dk;Z esa] vfrfjDr eqDr vk;ru dk mi;¨x fd;k x;k gSA ifj.kke fp= &3 esa vkys[k
ds :i esa çLrqr fd, x, gSaA tgka flLVe ds fy, vfrfjDr eqDr vk;ru d¨ feJ.k ds ?kVd ä esa ls ,d
ds e¨y va’k ds lkis{k xzkQ cuk;k x;k gSA vfrfjDr eqDr vk;ru ¼V

f
E½  e¨y va’k ¼x

1
½ ds ifj.kke ,fFky

,lhVsV dh laiw.kZ lajpuk ijkl vkSj lHkh pkj rkiekuksa T = ¼295-15K] 298-15K] 301-15K vkSj 305-
15K½ ij _.kkRed fopyu çnf’kZr djrs gSaA

fp= &3- vfrfjDr eqDr vk;ru ¼V
f
E½  ds xzkQ ,fFky ,lhVsV x

1
 ds e¨y va’k ds lkis{k] f}vk/kkjh

feJ.k ¼,fFky ,lhVsV ¼1½ $ 1&vkWDVsu‚y ¼2½½ ds fy, vyx&vyx rkieku ijA
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_.kkRed vfrfjDr eqDr vk;ru ¼V
f
E½ ls vk;ru esa deh vkrh gSA ,slk u;s ca/k ds cuus ds dkj.k

g¨ ldrk gSA gkyk¡fd ,fFky ,lhVsV ¼1½ vkWDVsu‚y ¼2½  ds f}vk/kkjh feJ.k ds fy, _.kkRed vfrfjDr
eqDr vk;ru ¼V

f
E½ eku d¨ vk.kfod tfVyrk ds fy, fufnZ"V ugha fd;k tk ldrk gSA ;s _.kkRed eku

bl rF; ij vk/kkfjr gSa fd c<+rs ,Ydu‚y vkdkj ds lkFk] varjkyh; lek;¨tu rsth ls c<+rk gS vkSj

blfy, vfrfjDr eqDr vk;ru ¼V
f
E½ yacs le; rd 1&vYdu‚y ¼11½ ds fy, _.kkRed g¨ tkrh gSA

vfrfjDr eqDr vk;ru ¼V
f
E½ dk eku ?kVd ¼12½ ds foijhr v.kq ds chp etcwr f}/kzqo&f}/kzqoh; var%fØ;k

}kjk fd, x, ;¨xnku d¨ bafxr djrk gSA

vkarfjd nkc ,d laltd cy gS] t¨ v.kqvksa ds chp vkd"kZd vkSj çfrdkjd cy ä dk ifj.kke gSA
vkd"kZd cy ä esa eq[; :i ls gkbMª¨tu ca/ku] f}/kzqo&f}/kzqo vkSj QSyko var%fØ;k,a 'kkfey gSaA cgqr de
varj&vk.fod nwjh ij dk;Z djus okyh çfrdkjd 'kfDr;ka lkekU; ifjfLFkfr; ä esa lkeatL; çfØ;k esa ,d
N¨Vh Hkwfedk fuHkkrh gSaA jSf[kd :i ls rjy feJ.k dk vfrfjDr vkarfjd nkc ¼P

i
E½] feJ.k çfØ;k ds n©jku

lajpuk vkSj ,d tqV cy¨a esa ifjorZu d¨ n’kkZrk gSA vkarfjd nkc ¼P
i
E½ dsvfrfjDr eku laiw.kZ lajpuk lhek

ij vkSj lHkh pkj rkiekuksa T = ¼295-15K] 298-15K] 301-15K vkSj 305-15K½  ds fy, _.kkRed gSaA
ifj.kke fp=& 4 esa xzkQ+ ds :i esa çnf’kZr fd, x, gSaA tgka flLVe ds fy, vfrfjDr vkarfjd nkc rFkk
feJ.k ds ?kVd¨a esa ls ,d ds e¨y va’k ds lkis{k xzkQ+ cuk;k x;k gSA vfrfjDr vkarfjd nkc ¼P

i
E½  e¨y

va’k ¼x
1
½ ds ifj.kke ,fFky ,lhVsV dh iwjh lajpuk lhek vkSj lHkh pkj rkiekuksa T = ¼295-15K] 298-15K]

301-15K vkSj 305-15K½ ij _.kkRed fopyu çnf’kZr djrs gSaA

fp= &4- vfrfjDr vkarfjd nkc ¼p
i
E½ ds xzkQ ,fFky ,lhVsV x

1
 ds e¨y va’k ds lkis{k] f}vk/kkjh

feJ.k ¼,fFky ,lhVsV ¼1½ $ 1& vkWDVsu‚y ¼2½½ ds fy, vyx&vyx rkieku ijA

fp= &4] feJ.k ds ?kVd ä ds chp det¨j var%fØ;k d¨ n’kkZrk gSA ,fFky ,lhVsV ¼1½ $ 1&vkWDVsu‚y
¼2½ feJ.k esa ,fFky ,lhVsV ¼x

1
½ ds e¨y va’k esa òf) ds lkFk vkarfjd nkc de g¨ tkrk gSA t¨ varj&vk.kfod

laidZ esa deh dk ladsr nsrk gSA vfrfjDr vkarfjd nkc ¼P
i
E½ esa ;g _.kkRed çòfÙk d¨ bafxr djrk gSA t¨fd

,d QSyko var%fØ;k vkSj f}/kzqoh; cy fof’k"V ijLij fØ;k dh iw.kZ vuqifLFkfr ds lkFk dke dj jgs gSaA ;g
,fFky ,lhVsV ¼1½ $ 1&vkWDVsu‚y ¼2½ ds chp ijLij fØ;k ds c<+rs ifjek.k d¨ n’kkZrk gSA
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fu"d"kZ

çLrqr 'k¨/k i= esa f}vk/kkjh feJ.k ,fFky
,lhVsV ¼1½ $ vkWDVsu‚y ¼2½ ds fy, fofHkUu rkiØe ä
T = ¼295-15K] 298-15K] 301-15K vkSj 305-
15K½  ij laiw.kZ lajpuk lhek ij ijk/ofud osx
¼u½] ?kuRo ¼½ vkSj ';kurk ¼½ d¨ ekik x;k gSA
vfrfjDr /ofu osx] ';kurk esa fopyu] vfrfjDr
eqDr vk;ru vkSj f}vk/kkjh feJ.k ds fy, vfrfjDr
vkarfjd nkc dh x.kuk dh xÃ gSA çkIr eku ä d¨
jsMfyp&fdLVj lehdj.k esa çfrLFkkfir fd;k x;k
gSA çLrqr 'k¨/k ls Li"V gS fd] feJ.k ds ?kVd¨a ds
chp vk.kfod laidZ e©twn gSA f}/kzqo&f}/kzqo tSlh
fof’k"V det¨j vk.kfod var%fØ;k esa] feJ.k ds
?kVd¨a ds chp f}/kzqo&çsfjr f}/kzqo vkSj QSyko cy
ik, x, gSaA

vkHkkj

ys[kd 'k¨/k gsrq ewy Hkwr lqfo/kk;sa miyC/k
djkus gsrq ekuuh; dqyifr] ç¨- eqds’k ikaMs] cqUnsy[k.M
fo’ofo|ky;] >k¡lh ¼;w-ih-½ ds çfr vkHkkj Kkfir
djrs gSa |
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