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‘rsj ;sFkhy izkphu eafnjkaP;k lao/kZukph xjt 
 

izk- MkW- fodkl eksgu ljukbZd 
 bfrgkl foHkkx] 

    jked`".k ijegal egkfon;ky;] mLekukckn- 
 

izkphu eafnjs gh rRdkyhu dkGkrhy dyk] /keZo LFkkiR;;kckcr efgrh nsrkr- ;kf’kok; rRdkyhu 
lkekftd] vfFkZd o lkaLdf̀rd ftou let.;kl enr djrkr- R;keqGs eafnjs gh fofo/k {ks=krhy vH;kld o 
i;ZVd ;kaP;k vkd"kZ.kkps dkj.k Bjrkr- v’kk eafnjkP;k ek/;ekrwu izkphu okjlk iw<P;k fi<hdMs gLrkarjhr gksr 
vlrks- R;kewGs v’kk izkphu eafnjkaps tru o lao/kZu rhrdsp egRokps vkgs- gh tckcnkjh iz’kklukph o LFkkfud 
ukxjhdkaph vkgs- ;k ik’oZHkwehojrh izLrwr ’kks/kfuca/kke/;s la’kks/kdkus rsj ;sFkhy f=fodze o mRrjs’oj ;k 
izkphure eafnjkauk fnysY;k HksVhr R;kyk vkysys vuqHko o izR;{k leksj fnlysyh ifjfLFkrh ;kaph ekaM.kh dj.;kpk 
iz;Ru dsyk vkgs-  

^rsj* gs mLekukckn ftYg;kP;k fBdk.kkgwu 23 fd-eh- varjkoj vkgs- ;kaps izkphu uko ^rxj* vls gksrs- 
lkrokgu dkGkiklwu (230 b-l-iwoZ)rsj O;kikjh dsanz Eg.kwu ukok:ikl vkys- iw<s jk"VzdwV] pkywD; o ;kno 
;kaP;kdkGke/;s gs HkjHkjkjhl vkys- ;knokuarj ;k O;kikjh dsanzkpk &gkl gksr xsyk o rs y;kyk xsys- rsjP;k 
izkphuRokpk iqjkok ^isfjIyl vkWQ nh bjsFkzh;u lh*] VkWysehpk xzaFk rlsp jkseu lkfgR; v’kk fofo/k lk/kukr 
feGrks-1 

fczfV’kdkGkr 20 O;k ’krdkr ^rsj* ;sFks mR[kuukrwu izkphu lkaLdf̀rd okjlk leksj vkyk- mR[kuukrhy 
ykdMh] ’kkMwP;k] /kkrwP;k o nxMkP;k ewrhZ o brj fofo/k oLrw rsj ;sFkhy ^dS- jkefyaxvIik ykerqjs E;qf>;e* ;sFks 
tru dsY;k vkgsr- rj eafnjs egkjk"Vz ’kklukP;k iqjkrRo [kkR;kdMs tru o lao/kZuklkBh vkgsr- iSdh f=fodze 
o mRrjs’oj eafnjkpk vk<kok FkksMD;kr iw<hyizek.ks 
 

f=fodze eafnj- gs eafnj b-l-4 F;k ’krdkrhy vkgs- gs iYyo ’kSyhr vlwu ;ke/;s os:GP;k fo’odekZ ys.;kpk 
Hkkl gksrks- R;kewGs gk pSR; vlkok tks dkykarjkus fo".kw eafnjkr ifjorhZr dsyk- ;kps xHkZx̀g 8X 4 ehVjps vlwu 
f’k[kj 11 ehVj maphps vkgs- eafnjkps cka/kdke dkcsZfyax in/rhps Eg.kts foVkaph cSBd izR;sd Fkjkr vkr ljd.kkjh 
vlY;kus deku fuekZ.k gksbZy ;kph dkGth ?ksryh vkgs-2 

xHkZx`gkr f=fodzekph dkG;k nxMkrhy HkO; ewrhZ vkgs- ewrhZpk psgjk] ukd ] MksGs o vksB izek.kcn/k 
vlwu MksD;koj eksR;kauh [kpysyk eq[kwqV vkgs- dkukr eksBs vyadkj] xG;kr osxosxG;k izdkjps rhu gkj] ckgwcan 
o cktwcan rlsp euxVkoj :an u{khdke vlysyh dax.ks vkgsr- mtok ik; [kkyh lksMysyk vlwu Mkok ik; 
cSBdhP;k dMsus mapkoysyk vkgs- ;k ik;k[kkyh cGh o cGh iRuh ;kaP;k eqrhZ vkgsr- eqfrZP;k flagklukP;k iVzVhoj 
dUuM ys[k(1000 b-l-) vkgs- T;kojrh dypqjh ?kjk.;krhy eaMys’oj ;kpk mYys[k vkgs-3 

eafnjkP;k eq[; xkH;kleksj dkykarjkus r;kj dsysyk lHkkeaMi vkgs- R;kph maph 4 ehVj o ykach :anh 7x 
7 pkS- eh- vkgs- gk eaMigh ykdwM o foVkiklwup c.koysyk vkgs- eaMikr dk"Bf’kYikpk dykfo"dkj vkgs- ;k 
eanfjkl pw.;kps IykLVj dsys vkgs- ;k okLrwlkj[khp rarksrar okLrw vka/kizns’kkrhy ^ps>yh* ;k fBdk.kh vlY;kps er 
^vkysd>kaMj jks* ;k rKkps er vkgs- ;ko:u eqG ckS/k pSR; vlysyh gh okLrw dkyaurjkus fo".kw eafnjkr ijkofrZr 
gksÅurhps iq.kZ oS".kohdj.k >kY;kps Li"V fnlwu ;srs-4 

eanfjkph l/; fLFkrh-  ;k eafnjcka/kdkeklkBh ykdwM] Hkktho foV o ekrhpk okij dsysyk vkgs] eafnjkpk eq[; xkHkk 
o lHkkeaMi Lora=i.ks cka/kY;keqGs dkyvks?kkr gs cka/kdke foHkDr gksr vkgs- R;kyk Hksxk iMr vkgsr- ifj.kkeh 
ikolkps ik.kh Hksxke/;s tkowu dk"Bf’kYikps uqdlku rj gksr vkgsp f’kok; fHkarhgh ft.kZ gksr vkgsr- rlsp ;k 
Hksxke/;s oM] fiaiG ;klkj[kh fofo/k >qMis ok<r vlY;kus R;k Hksxk eksB;k gksr vlwu eafnj &gklkl xrh feGr 
vkgs-5(QksVks dz-1 
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mRrjs’oj eafnj-  gs eafnj lgkO;k ’krdkrhy vlwu ;kP;kojrh nzfoM o iYyo f’kYidyspk izHkko fnlrks- gs 
f’koeafnj vlwu ;klkBhgh ykdwM] ekrh o HkktysY;k foVk okijysY;k vkgsr- ;k eafnjklkBh okijysY;k foVkaps 
oSf’k"Vs Eg.kts R;k fofo/k vkdkjkP;k vlwu otukus brD;k gyD;k vkgsr dh R;k ik.;kojrhgh rjaxrkr- gyD;k 
vlwugh fVd.;klkBh o etcwrhlkBh fof’k"V ra=kpk okij dsyk vkgs- R;kewGs rsj ;sFkhy eafnj cka/kdke dj.kk&;k 
dkjkfxjkauk egkcyhiwje o fHkjrjxkao ;sFkhy foV o dkYkkf’kYikpk okij ekghr vlkok tks R;kauh rsj ;sFks dsyk- 

eafnjkph jpuk vkd"kZd vklwu xHkZx̀g 2x2 pkS- eh- vkgs- xHkZx̀gkiw<s varjkG vlwu R;koj nzfoM ’kSyhps 
rhu ehVj maphps f’k[kj vkgs- f’k[kjkojrh foeku vlwu rs rhu VI;kr iw.kZ dsys vkgs- varjkGkP;k xti"̀Bkoj 
NksVh NksVh f’k[kjs fuekZ.k dsyh vkgsr- rlsp eafnjkP;k izR;sd ,d ehVj maphuarj ykdMh ukVkapk okij dsyk vkgs- 
rlsp fHkarhoj lHkksorkyh v/kZLraHkkP;k jkaxk vlwu nksu LraHkke/khy tkxsr exjeq[kkrwu ckgsj iM.kk&;k pSR; 
xok{kkaps vkdkj o R;koj meyysys deG] deGkoj myVh dGh th yksydkizek.ks Hkklrs- ;k v/kZ[kakckojrhp 
p<R;kdzek.ks NksV;k NksV;k dwV f’k[kjkapk eqdr gLrs vfo"dkj dsyk vkgs-(QksVks dz-2v 

eafnjkP;k leksj dkykarjkus ck/kysyk lHkkeaMi gksrk tks 5-80 x5-80 pkS-eh- ykach :anhpk gksrk- gk vkt 
vfLrRokr ukgh ek= R;kps tGkysys vo’ks"k o lHkkeaMikrhy Qkj’kh mR[kuukr feGkysyh vkgs- gk eaMi iw.kZi.ks 
ykdMh vlkok- ;k eaMikP;k mRrj o nf{k.k cktwl mix`gs gksrh- th 2x 2 pkS- eh- ph gksrh-6 

;k eaMikps izos’kOnkj 3x3eh- :anh maphps gksrs- gh pkSdV dk"Bf’kYikpk mRre uewuk vlwu gh 
oLrwlaxzgky;kr lqj{khr vkgs- R;kojrh xksyd- O;kl u{kh] jRus] mMrs fon;kFkj rlsp czgek- fo".kw o f’ko 
dksjysys vlwu R;kaP;k Hkksorh okn; okto.kjs xtgh dksjys vkgsr-7(QksVks dz-2c 
Eafnjkojhy ladV o l/;fLFkrh-13 O;k ’krdkr ijdh; vkdze.kkeqGs ;k eafnjkpk lHkkeaMi tGwu HkLe >kyk- iw<s 
16 O;k ’krdkr HkwxfHkZ; gkypky o fulxZizdksikus eq[; xkH;kojhy f’k[kjkal rMs xsys- ;kewGs R;kp dkGkr gs 
eafnj nq:Lr dsys- dkj.k eafnjkP;k eq[; cka/kdkekojrh cgke.kh dkGkrhy foVkaps cka/kdke dsY;kps iqjkos vkgsr- 
rlsp eafnjkyk rGkrwu vk/kkj ns.;klkBh lHkksorkyh :an vks<k cka/kwu ?ksryk- T;ke/;s cgke.khdkGkrhy foVk 
okijY;k rlsp rsFks cgke.kh dkyhu uk.khgh lkiMyh ek=17 O;k ’krdkr iwUgk fulxZizdksikus f’k[kjkpk Hkkx 
fu[kGyk o varjkGkojhy cka/kdke u"B >kys- o ;k eafnjkdMs nqyZ{k dsys xsys- iw<s fczfV’k dkGkr 
iqjkrRo[kkR;kP;k ek/;ekrwu ^rsj* ;sFks mR[kuku lw: >kys- iwjkrRo[kkR;kus(1998&2001) ;k dkGkr gs eafnj 
ekrhP;k f<xk&;krwu eqDr dsys-8 ek= vktgh eafnjkps f’k[kj iMd;k vkoLFksr vlwu rs mu] okjk o ikml lgu 
djr mHks vkgs- ;kewGs eafnjkrhy ykdwMdke o foVkps uqdlku gksr vkgs- eafnjkoj fofo/k >qMis o osyh mxoysyh 
vkgsr- (QksVks dz-3 v c 

v’kk izdkjs vusd o"kkZiklwuLor%P;k vfLrRoklkBh la?k"kZdjr mHkk vkgs- ;k cjkscjp eafnj ifjljkphgh 
voLFkk nSfu; vlwu ;kyk dks.krhgh lqj{kk O;oLFkk ukgh- ’kklukus rsFks dsoG^jkT; lajf{kr Lekjd* gk Qyd 
mHkk dsykvkgs- LFkkfudkaukgh ;k okLrwps frrdsls xkafHk;Z o egRo u letY;kus ;k ifjljkpk rs dje.kwdh lkBh ] 
okedq{khlkBh okij djrkuk fnlrkr- rlsp ;k eafnj ifjljkr rack[kw] iku]ekok]xqV[kk [kkowu FkaqdY;kps o ?kk.khps 
lkezkT; fnlrs-9( QksVks dz-3]d-),dw.k ’kkluP;k o LFkkfudkaP;k vukfLFkeqGs gs izkphu eafnj vkt ’ksoVph ?kVdk 
ekstr vlY;kps fp= Li"V fnlr vkgs-  

ojhy nksUgh eafnjkcjkscjp rsFkhy eqR;kZgh iwjkru vlwu ;kaP;k tru o lao/kZuklkBh dks.krhgh lqj{kk 
fdaok yksdkaP;ke/;s rh tkxd̀rk fnlr ukgh- dkj.k ;k ewrhZoj ljkZli.ks vfHk"ksd] rsy ?kky.ks] uSoSn;] Qqykapk gkj] 
gGn&daqdaq] xa/k ;kpk okij fnlrks-10(QksVks dz 4v-]c-]d- 

;kewGs ewrhZpsgh HkforO; /kksD;kr vkgs- iqjkrRo [kkrs brj= mnk- gaih] fot;uxj] dksYgkiwj] ia<jiwj] 
rqGtkiwj b- fofo/k fBdk.kh eafnj o ewrhZlkBh ts fud"k ykors o R;kaps tru&lao/kZu djrkuk fnlrs rh rRijrk 
;k fBdk.kh fnlr ukgh- 

,dw.kp Lokar=iwoZdkGkr Hkkjrkrhy izkphu oLrw o okLrw ;kaps tru o laoa/kZu Ogkos ;klkBh 1902 e/;s 
^Ancient monuments Preservation Act’. ykWMZ d>Zu ;kauh dsyk- ;kr lq/kkj.kk gksr vusd dk;ns >kys- iw<s 
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Lokra=;ksRRj dkGkr 1958 e/;s Hkkjr ljdkjP;k iqjkrRo [kkR;kus Ancient monuments Preservation Act’dsyk 
11 tks egkjk"Vz ljdkjus fLodkjyk o R;kaps uko ^Maharashtra Ancient monuments and Archeological sites and 

Remains Act- 1960’vls Bsowu izkphu okLrw tru vkf.k lao/kZu lw: dsys- ;klkBh v’kk laoaf/kZr okLrwP;k Bjkfod 
varjki;Zar mR[ku] LQksV] lq:ax] cka/kdke ;kyk eTtko dsyk- gk dk;nk eksM.kk&;k O;Drhl dk;n;kus naM o 
f’k{ksph rjrwngh dsyh- rlsp T;k izkphu okLrwph iM>M gksr vkgs- ;ke/;s MkxMwth d:u R;kaps tru o laoa/kZu 
dj.;kpk iz;Ru gksr vkgs- T;ke/;s twU;k okLrw] okMs] eafnjs] fdYys] ewrhZ] fp=s b- fofo/k vo’ks’kkapk lekos’k gksrks-
12 

 

 
  

,dw.kp ’kklukps mijksDr dk;ns o /kksj.k ^rsj* ;sFkhy eqrhZ o eafnjkckcr dqpdkeh Bjrkuk fnlr vkgs- gh 
eafnjs Hkj ofLrr vlwu ;k eafnjkaP;k lqj{kk] LoPNrk o lao/kZuklkBh dks.krsgh iz;Ru fnlr ukghr- eafnjkoj 
fofo/k >qMis o osyh mxoysyh vkgsr- ghp vukLFkk eafnjkrhy ewrhZckcrgh fnlrs-(gaih] rqGtkiwj ia<jiwj lkj[;k 
fofo/k fBd.kP;k izkphu ewfraZuk vkrk Li’kZ djrk ;sr ukgh- gk fu;e rsj e/;s dk ykxw gksr ukgh)’kklukP;k 
dk;n;kP;k pkSdVheqGs LFkkfud ukxjhdgh eafnjkph MkxMwth d: ’kdr ukgh- rlsp LFkkfud ukxjhdkae/;sgh 
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izkphu okjlk tru dj.;kckcr vukLFkk fnlrs- R;kewGs ’kklu o LFkkfudkauh ,d= ;sowu gk okjlk tiyk 
ikghts- T;kewGs gk okjlkj iw<hy fi<hl ikgrk o vH;klrk ;sbZy- osGhp lko/kxhjh o mik;;kstuk u dsY;kl 
fuf’prp uftdP;k dkGkr gk lè/n okjlk &gkl ikosy ;kr ’kadkp ukgh- 
 
lanHkZ  
 

1- Osmanabd District Gazetteer, Gov. of Maharashtra, first.Edi. Bomby,1972,p.31. 

2- 2 ikVhy- v- ck-(laik-),^ rsj.kk ifCyd pkWfjVscy VzLV] mLekukckn]2001] i-̀66]67- 
3- jksMs (MkW-)lkseukFk] ] fon;k cqd ifCyds’ku] vkSajxkckn] nqljh vkòRrh 2011] ì 

279- 
4- ikVhy-v-ck- (laik-),mijksDr]ì-31- 
5- izR;{k HksV]12 uksOgsacj 2017]QksVks&1 f=fodze eafnjkojhy >qMis 
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 Physical properties of biological systems are very complex and often difficult to tune with biological properties. Here 
we report the physical properties of fresh water crab hemolymph; a fluid analogues to the blood in vertebrates. This may be 
the first ever attempt in case of crab hemolymph to study dielectric properties such as permittivity (ε') dielectric loss (ε"), 
static dielectric constant (ε0) and relaxation time (τ) in order to know the structural properties of hemolymph in the 
surrounding of water molecules. Time domain reflectometry (TDR) in the frequency region of 10 MHz-30 GHz has been 
used for this purpose for two concentrations at room temperature. Havriliak – Negami equation is used to obtained complex 
permittivity spectra. The data obtained using TDR was fitted in two-Debye model. Hemolymph in water surrounding shows 
two relaxations modes. The low frequency relaxation (β-relaxation) observed around 90 MHz often attributed to the rotation 
of polar protein molecules in hemolymph and high frequency relaxation (γ-relaxation) observed around 18-20 GHz 
corresponds to the rotation of pure water molecules. It has been observed that the static dielectric constants as well as both 
low and high frequency relaxation times are little concentration dependent.  

Keywords: Hemolymph protein, Relaxation time, Dielectric constant 

1 Introduction 
Water in insects serves many functions1 as it does 

in all organisms. Like human being aquatic insects 
must also control the ionic composition and normal 
water contents of their bodies if they are to function 
properly. In many freshwater organisms water content 
is balanced by drinking and osmotic flow through the 
integument in the hemolymph and elimination of 
water from the anus. Water content is balanced by 
controlled intake by imbibition. Freshwater insects 
must concentrate ions from their surroundings.  

Freshwater crabs an important component of our 
environments2 have proved to be the best sources for 
food products including protein source for aquatic 
lives as well as for human being. Crab haemolyph a 
fluid analogus to the blood in vertebrates has two 
components, hemolymph plasma and hemocytes, 
which play major roles in their immune mechanism3. 
The hemolymph proteins of invertebrates are unique 
in composition, as they do not contain 
immunoglobulin or albumin like proteins and the 
protein composition varied in relation to physiological 
and functional state of the animal. 

Very few studies have been found on fresh water 
crab hemolymph proteins. Recently, antibacterial 
activity of crab haemolymph on Clinical Pathogens 
has been studied by Veeruraj et al.4 Backbone 
structure and dynamics of a Hemolymph protein from 
the Mealworm Beetle Tenebrio molitor has been 
studied by Rothemund et al.5 Protein analysis of the 
crab haemolymph collected from the trash has been 
studied by Fredrick et al.6 

But dielectric properties of hemolymph are still the 
subject of interest to the scientific community and 
needs more efforts to express the result in terms of its 
physical properties. As, dielectric properties are 
directly related to the conformational changes and 
structural dynamics of the system; therefore, in order 
to get more information about the structural dynamics 
of crab hemolymph the study of dielectric physics 
may serve the platform for the purpose. 

As, water content in freshwater organisms is 
balanced by drinking and osmotic flow through the 
integument in the hemolymph1, therefore the study of 
hemolymph interaction with water is very interesting 
and may give new insights into the structural 
configuration of hemolymph protein in crabs. 
Therefore, through the present work an attempt has 

—————— 
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been made to study concentration dependent dielectric 
properties and relaxation dynamics of crab 
hemolymph in the aqueous environment at room 
temperature. Dielectric spectroscopy using time 
domain reflectometry (TDR) was employed in the 
frequency region of 10 MHz- 30 GHz. This may be 
the first ever attempt to have such kind of study for 
crab hemolymph.  
 
2 Experimental 
2.1 Materials 

Fresh water crab from School of life Sciences of S 
R T M University, Nanded (India) was used to collect 
Crab hemolymph. The fluid was obtained from the 
ventral part of the abdominal segment using a fine 
sterile 25 gauge needle and a 1 mL syringe. The 
collected hemolymph was directly used for the 
measurement of dielectric properties. 

Double distilled and deionised water was used to 
make the desired concentrations. The dielectric 
permittivity ε' and dielectric loss ε" of the aqueous 
hemolymph was measured at 25 °C. TDR (Time 
Domain Reflectometry) employed in the frequency 
region 10 MHz to 30 GHz was used for the purpose. 
The detailed analysis and procedures of the TDR 
system were explained previously7. 
 
3 Results and Discussion 

The values of complex permittivity "ε'εε* j  as 
a function of frequency for the aqueous hemolymph 
have been calibrated and used for the evaluation of 
dielectric parameters at room temperature. These 
complex permittivity spectra obtained for crab 
hemolymph is shown in Fig. 1. For the evaluation of 

dielectric parameters, the frequency dependent 
complex permittivity ε*(ω) data were fitted in S. 
Havriliak Negami equation8: 
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where ε0 static dielecric constant, ε∞ is high frequency 
limiting dielectric constant, ω is the angular frequency 
and τ is average relaxation time,  and β are the 
distribution parameters. Two Debye model is used to 
obtain high and low frequency dielecric parameters. 
Figure 1 clearly shows two relaxation peaks for  
the system under study. The low frequency relaxation  
(β-relaxation) observed around 90 MHz often 
attributed to the rotation of polar protein molecules9  
in hemolymph and high frequency relaxation  
(γ-relaxation) observed around 18-20 GHz 
corresponds to the rotation of pure water molecules9.  

The fiting parameters  and  are the shape 
characteristics of the fitted curve where 0 < ,   1. 
These fit parameters give us an idea about  
how distributed is the relaxation (how broad it is). 
Cole-Davidson model is used to fit the obtained data, 
which is given in Table 1. The spectra show decrease 
in permittivity with increasing hemolymph 
concentration. This decrease in the dielectric 
permitivity may be due to the change in dipole 
moment of water and polar protein molecules in the 
binary mixture of the studied systems.  

The complex plane plot (Cole–Cole plot) of (ε") 
versus (ε') for aqueous hemolymph proteins at 
different concentrations is shown in Fig. 2. It has been 
observed that two half-circles/lobes are found to 
appear, one at lower frequencies and the other at 
higher frequencies, respectively. Small semicircles at 
lower frequencies for the used concentrations may 
appear due to the relaxation process attributed to 
hemolymph proteins called a low frequency process 
(β-relaxation). The presence of two lobes for the 
aqueous hemolymph protein solutions at the measured 
concentration is trivial; since both protein and water 
components are included in it, this Cole–Cole plot 
appearance of protein–water lobes definitely points 
out that the water component is obviously affected by 
the hemolymph proteins. From the Cole–Cole plot,  

 
 

Fig. 1 — Concentration and frequency dependent complex
permittivity spectra of aqueous crab hemolymph protein.  

Table 1 — Values of fitting parameters α and β.  

Concentration (volume fraction) α β 
0.02 0.3054 1.0 
0.04 0.2960 1.0 
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it has been observed that there is a small decrease in 
the size of lobes when concentration increases; this 
indicates that protein–water interaction increases 
towards higher concentration in small proportion.  

From the variation of the static dielectric constant 
as a function of concentration (Fig. 3) of hemolymph 
protein, it has been observed that static dielectric 
constant (ε0) for high frequency relaxation process 
decreases as concentration of hemolymph increases. 
However, the static dielectric constant (ε0) for  
γ-dispersion associated with the reorientational 
motion of free water molecules10 was found to be 
decreased by increasing hemolymph concentration. 
This concentration dependence directly mirrors the 
reduction in reorientational mobility of free water 
molecules in protein surrounding10. 

The low-frequency relaxation called β-relaxation or 
β-dispersion associated with the rotation of the 
hemolymph polar protein molecules10 in their aqueous 
medium was found to be increased towards low 
hemolymph concentration compared to the data of 
static dielectric constant for pure water. This may lead 
to formation of hydrogen bonding between possible 
hydrogen bonding sites of hemolymph protein and 
water. But higher concentration may form protein 
aggregations or cluster formation or protein–protein 
interaction which increases hindrance to the polar 
protein molecules, reduces the correlation between 
pairs of proteins and ultimately increases the 
refractive properties of the system. The variation in 
the values of the static dielectric constant for β-
dispersion (ε0) may be due to the alignment and 
rotation of polar protein molecules that alter the 
dipole moment of the system and are responsible for 
an increase in the values of the static dielectric 
constant and also for the change in the refractive 
properties of the system. Higher concentration of 
hemolymph leads to lower the values of static 
dielectric constant for low process.  

Dielectric relaxation is the most significant 
parameter obtained from the analysis of relaxation 
processes and is the time taken by the relaxing entities 
involved in the dynamics. Figure 4 provides the 
concentration dependence of relaxation time (τ) for 
both β- and γ-processes of the investigated aqueous 
hemolymph proteins. The dielectric relaxation time 
for β-process at lower hemolymph concentration was 
found to be lower than that of the values reported for 
pure water11 (8.62 ns) and there found a negligible 
concentration dependence of relaxation time which 
increases slightly towards higher concentration. This 
may be attributed collectively to the high degree of 

 

Fig. 2 — Cole-Cole plot of aqueous hemolymph protein at the two
measured concentrations. 
 

 
 

Fig. 3 — Static dielectric constant for γ - (high frequency)
relaxation shown by solid squares and for β- (low frequency)
relaxation shown by solid circles fitted by solid lines.  

 
 

Fig. 4 — Relaxation time as a function of concentration. 
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protein association12 (protein–protein interaction) and 
protein coiling9 which increases the cooperative 
motion10. The hindrance to the molecular motion of 
such clusters also increases with an increase in 
concentration and ultimately increases the relaxation 
time10.  

The dielectric relaxation time observed for the fast 
or γ-process was also observed to be lower as 
compared to the relaxation time (8.38 ps) reported for 
pure water at room temperature13. There found  
almost a negligible variation except a small decrease 
in relaxation time towards higher concentrations.  
The mechanism of faster relaxation of water in  
the neighborhood of hemolymph protein is still  
the subject of mystery and needs more efforts in  
order to know exact cause for such a faster  
relaxation.  
 
4 Conclusions 
(i) Two relaxation modes were observed for 

hemolymph proteins under aqueous 
environment. 

(ii) Decreased values of static dielectric constant in 
aqueous environment for high relaxation process 
may be due to change in dipole moment of 
water. This change in dipole moment is because 
of dominant water – water interaction. 

(iii) However, for low relaxation process the 
variation in static dielectric constant indicates 
protein-protein interaction was more dominant.  

(iv) Low frequency relaxation mode for the rotation 
of protein molecules was observed to be little 
dependent on concentration than of pure water. 
A small increase in the values of relaxation time 
towards higher concentration may be attributed 
to the protein-protein interaction which  
 

increases the steric hindrance to the water 
molecules, which results in the increase in 
relaxation time. 
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Present study deals with the investigation of molecular interactions in aqueous polyvinyl pyrrolidone having molecular 
weight 40,000 (PVP-40) at different temperatures using acoustical and UV-Vis spectroscopic techniques. Ultrasonic 
velocity (u), density (ρ) and coefficient of viscosity (η) have been measured for aqueous solution of PVP- 40 in the 
concentration range 0.833-5.00 wt% at frequency 10 MHz. The measurements have been made at eight different 
temperatures, namely, 283.15, 288.15, 293.15, 298.15, 303.15, 308.15, 313.15, 318.15 and 323.15 K and at atmospheric 
pressure. The experimental results have been used to calculate various acoustical parameters such as adiabatic 
compressibility (β), acoustical impedance (Z) free length (Lf) and free volume (Vf), relaxation time (τ), absorption coefficient 
(α/f2), Rao’s constant (R) and Wada’s constant (W). The variations of these parameters under different conditions of 
temperature and concentration have been used to discuss the nature and extent of intermolecular interactions between the 
component molecules. The results have been confirmed using UV-Visible spectroscopy.  

Keywords: Acoustical parameters, Polyvinyl pyrrolidone, Molecular interaction, Ultrasonic velocity 

1 Introduction  
Ultrasonic spectroscopic technique is an excellent 

tool for non-destructive testing and imaging. This 
technique has been widely used to study the 
molecular interaction in polymer solutions. Ultrasonic 
velocity and density of the solution give direct 
information about molecular interactions of various 
polymer-solvent systems. The structural and 
destructural nature, complex formation, and 
association or dissociation of the solvents can be 
studied. The acoustic parameters give detail 
information about structural and dynamical properties 
of polymer-solvent system1. When acoustic waves are 
passed through polymer solution; waves are 
influenced by the polymer structure and its dynamic 
processes. From the ultrasonic velocity and 
attenuation of longitudinal or shear waves, it is also 
possible to estimate the viscoelastic properties of 
polymeric materials. We can characterize the 
viscoelastic properties of polymer solutions, polymer 
melts, as well as semi crystalline polymers. 
Furthermore, ultrasonic method has been successfully 
used to monitor polymer processing, chemical 

reactions such as polymerization or curing of thermo 
sets, glue processes or crystallization in polymers and 
film formation from aqueous polymer dispersions2-6. 
The literature available on acoustical studies on 
polymer solutions revealed that ultrasonic velocity 
measurements are used to understand the nature of 
polymer-solvent, polymer-polymer interactions in 
polymer-solvent systems7-11.  

Polyvinyl pyrrolidone (PVP) has many important 
applications in all the fields like medicine, industry, 
agriculture and so on. It is used as a thickening agent 
in tooth whitening gels12, as a binder in many 
pharmaceutical tablets. It is also used to increase 
resolution in photoresists for cathode ray tubes13 
(CRT), PVP added to iodine forms a complex called 
povidone-iodine that possesses disinfectant properties. 
Also used for moistening various personal 
careproducts, as food additives and adhesives, etc. 
PVP is soluble in water and other polar solvents, it is 
soluble in various alcohols, such as methanol and 
ethanol, etc. It is physiologically compatible, 
essentially chemically inert, non-toxic, non-ionic, 
temperature-resistant, pH-stable, and colourless. PVP 
polymer matrix has good environmental stability, 
good charge storage capacity, transparency and 
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optical properties14. This remarkable combination of 
properties predestined its use in numerous 
applications in medicine, pharmaceutical technology, 
cosmetics and in the technical industry15. 
 
2 Experimental 

The chemicals used for the present investigation 
were of analytical grade. The purity of these 
compounds was >99.8%. Polyvinyle pyrolidone 
(PVP-40) with K value 29-32 was obtained from 
Sigma Aldrich. The mixtures were prepared by 
mixing known amount of polymer in HPLC grade 
water in air tight bottles and adequate precautions 
were taken to minimize evaporation losses during the 
actual measurements.  

The ultrasonic velocities in pure liquids and liquid 
mixtures were measured at 10 MHz frequency  
using (UX 4400MV) Ultrasonic Flaw Detector, and 
10 MHz Transducer supplied by Roop Telsonic 
Ultrasonix Limited with an accuracy of ±0.01%. The 
instrument was calibrated by measuring the velocity 
of triple distilled water, acetone and dimethyl 
sulfoxide. The densities of the solutions at different 
temperatures were determined using a 10 mL 
thermometer attached specific gravity bottle with a 
permissible error of ±0.1 °C supplied by Jennson and 
a digital balance of accuracy ±10−6 kg. Viscosity 
measurements were made with an Ostwald’s 
viscometer in which the flow time for solutions  
was measured through a digital stop clock of  
accuracy ± 0.01 s. UV–Vis spectra were recorded  
on a Shimadzu UV-1800 model spectrophotometer 
with quartz cell of 1cm optical path length. The 
absorbance spectra were recorded in the region of 
200–800 nm. 
 
3 Acoustical Measurements 

By using measured values of ultrasonic velocity 
(u), density (ρ) and coefficient of viscosity (η), 
various acoustical parameters were obtained from 
following equations16-18. 

Adiabatic compressibility:  
β =1/u2 ρ  … (1) 

Inter molecular free length: 
Lf = K β1/2  … (2) 

Acoustical impedance:  
Z = u ρ  … (3) 

The relaxation time:  
τ = 4η/3ρu2   … (4) 

Rao’s constant:  
R= [Meff/ ρ] u1/3    … (5) 

Wada’s constant:  
W= [Meff/ ρ] β-1/7  … (6) 

Absorption coefficient:  

α/f2= 2p2τ /u   … (7) 

Free volume:  
Vf = [Meff /Kη]   … (8) 

where Meff is the effective molecular weight, which is 
expressed as Meff= ΣM = mixi where, x and m are the 
mole fraction and molecular weight of the individual 
component in the mixture, respectively. K is the 
temperature independent constant and its value13 is 
4.28×109. 
 
4 Results and Discussion 

The experimentally observed variation in density, 
viscosity and velocity of sound and other related 
parameters such as adiabatic compressibility (β), 
acoustical impedance (Z) free length (Lf), free volume 
(Vf), relaxation time (τ), absorption coefficient (α/f2) 
Rao’s constant (R) and Wada’s constant (W) of the 
PVP40- water systems, as a function of concentration 
at different temperatures are shown in different 
graphs. The graphs obtained for different acoustical 
parameters, explains the interactions between polymer 
(PVP-40) and solvent (water). 

The variation in adiabatic compressibility (β) in 
aqueous solution of PVP-40 for different 
concentrations and temperature is shown in Fig. 1. 
The graph shows that, for given concentration of 
PVP-40 in water, as temperature of the solution 

 
Fig. 1 — Plots of adiabatic compressibility with increasing 
temperature for various concentration of PVP-40 in water. 
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increases adiabatic compressibility goes on decrease. 
On the other hand, at given temperature, adiabatic 
compressibility also decreases as concentration  
of PVP-40 in water increases. The higher 
compressibility value implies that the medium is 
loosely packed whereas the lower compressibility is 
an indication of maximum interaction. The gradual 
decreases in adiabatic compressibility with increase in 
temperature suggest that the medium become less and 
less compressible. The polymer in water tends to 
break the molecular clustering of water, which makes 
available dipoles for further interaction19. By these 
dipole interactions, solute-solvent molecules are 
coming close to each other and the space between 
them is decreases with rise in concentration of 
polymer. This supports to the strong solute-solvent 
interaction in the solution20. 

A continuous decrease in adiabatic compressibility 
and intermolecular free length with concentration is a 
clear evidence for the existence of strong interactions 
in the liquid mixtures which lead to the increasing 
compactness of the systems. The decrease of 
compressibility implies the formation of a large 
number of tightly bound systems. This reduction in 
compressibility makes close packing of molecules 
which results in a decrease of free length21 ‘Lf’.  
Due to thermal energy, the vibrations in solvent 
molecule increases by increase in temperature,  
which helps in breaking the bonds of solvent 
molecules. This will increase the solute-solvent 
interaction, so adiabatic compressibility decreases 
with increase in temperature. The nonlinear decrease 
in compressibility is due to polymer-polymer 
interactions22. 

The adiabatic compressibility of a liquid can be 
expressed in terms of the intermolecular free length 
which is the distance between the surfaces of the 
neighbouring molecules. The variation of ultrasonic 
velocity in solution also depends on intermolecular 
free length on mixing. As per the model of Eyring and 
Kincaid23 for sound propagation, ultrasonic velocity 
increases on decrease of free length. Figure 2 shows 
variations of free length with increase in 
concentration and temperature. This graph shows 
exactly the same behaviour as that of adiabatic 
compressibility. This is because adiabatic 
compressibility is decided by the intermolecular free 
length. The addition of polymer or the increase of 
thermal energy will break the bonds of solvent 
molecule which provide the free ions to interact  

with polymer molecules. This will provide more 
cohesive energy which will reduce the intermolecular 
free length. 

Acoustic impedance for the aqueous PVP-40 
system is shown in Fig. 3. It is observed from the 
graph that acoustic impedance of the system increases 
nonlinearly with increase in concentration of polymer 
in solvent and increase of thermal energy of the 
system. The plot of acoustic impedance shows exactly 
opposite behaviour as that of the adiabatic 
compressibility and intermolecular free length. 
Acoustic impedance is the measures of the opposition 
offered by the system to the acoustic flow. The 
increase in acoustic impendence shows that the 
molecular interactions in these solutions are 

 
Fig. 2 — Plots of free length with increasing temperature for 
various concentration of PVP-40 in water. 
 

 
Fig. 3 — Plots of acoustical impedance with increasing 
temperature for various concentration of PVP-40 in water. 
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associative. This suggests that molecular association 
increases with increase of concentration of polymer 
and increase of temperature of solution24,25.  

Figures 4 and 5 show variations of relaxation time 
and absorption coefficient with increase in 
concentration of polymer for different temperatures. 
Both the parameters show similar behaviour. Both 
relaxation time and absorption coefficient decrease 
with increase in temperature and increase with 
increase in concentration of PVP in solvent. The 
results obtained are in agreement with the previously 
obtained results26,27. Relaxation time depends on 
temperature28, as temperature increases, excitation 
energy increases and hence relaxation time decreases. 
Sarode et al. also obtained similar results for PVP-

water system using time domain reflectometry (TDR) 
technique29. It is observed that relaxation time 
increases with increase in the concentration of  
PVP-40 in water and absorption coefficient indicating 
high stability of PVP-40 molecules. Polyvinyl 
pyrrolidone (PVP) is a highly polar and 
biocompatible30 polymer having very compact 
structure. So molecules are highly unstable which 
increases the relaxation time and absorption 
coefficient. The relaxation of molecule is done by the 
energy transfer between translational and vibrational 
degrees of freedom. These degrees take part in the 
observed process and its behaviour depends on 
viscosity and adiabatic compressibility of the liquid 
solution. Viscosity also plays very important role for 
increasing relaxation time with increase in 
concentration of PVP-40 which is supported by 
increase of absorption coefficient. 

Free volume is the average volume in which the 
centre of a molecule can be displaced due to the 
repulsion of the surrounding molecules. When 
concentration of PVP-40 in water increases free 
volume decreases which implies increase in molecular 
attraction. With increase in temperature, thermal 
energy of the molecules increases. Due to increase in 
thermal energy, the repulsion of surrounding 
molecules increases and hence available free volume 
should be increased31 which is shown in Fig. 6. 

The molar sound velocity (R), called as Rao’s 
constant and molar adiabatic compressibility (W), 
called as Wada’s constant are the two important 
parameters for the confirmation of existing 
interactions. Figures 7 and 8 show variations of  

 
Fig. 4 — Plots of relaxation time with increasing temperature for
various concentration of PVP-40 in water. 

 

 
Fig. 5 — Plots of absorption coefficient with increasing
temperature for various concentration of PVP-40 in water. 
 

 
Fig. 6 — Plots of free volume with increasing temperature for 
various concentration of PVP-40 in water. 
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Rao’s constant and Wada’s constant with 
concentration and temperature. Rao’s constant or 
molar sound velocity shows increase with increase in 
concentration and temperature. The increasing trends 
of molar sound velocity and Wada’s constant or molar 
compressibility with increase in concentration and 
temperature suggest the availability of more number 
of components in a given region thus leads to a close 
packing of the medium and thereby increase in 
interactions32. 

The absorbance spectra of PVP-40 in aqueous 
medium at 303.15 K have been depicted in Figs 9 
and 10. In the present investigation, the 
concentration of polymer (PVP-40) was increased in 
solvent. It is observed that there is a shift in the 
absorbance towards higher values with increase in 

concentration of polymer. This clearly reveals the 
formation of strong complexes between polymer  
and water21. The UV spectrum shows that 
absorbance increases from nearly 400 nm and 
maximum at 300 nm, also a small peak is observed 
at 360 nm for all the concentrations of PVP-40. 
These complex formations and absorbance at Near 
UV regions are may be due to n→π* types of 
interactions. The transitions from nonbonding (n) to 
anti bonding (π*) orbital may shows strong or weak 
peaks in Near UV regions33. The peak obtained at 
360nm may also be due to complex formation of 
colloidal solution of PVP with water as shown in 
Fig. 11. 

 

 
Fig. 7 — Plots of Rao’s constant with increasing temperature for
various concentration of PVP-40 in water. 
 

 
Fig. 8 — Plots of Wada’s constant with increasing temperature for
various concentration of PVP-40 in water. 
 

 

 
Fig. 9 — UV-Vis spectrum of PVP-40 in aqueous medium at 
303.15 K. 

 

 
Fig. 10 — UV-Vis spectrum of PVP-40 in aqueous medium at 
303.15 K showing small peak at 360 nm. 
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Fig. 11 — Complex formation of PVP-40 with water. 
 

5 Conclusions 
Ultrasonic velocity, density and viscosity of 

aqueous solution of ascorbic acid of different 
concentration are measured for different temperatures 
and thermo-acoustical parameters are calculated. The 
variations in some acoustical parameters such as 
ultrasonic velocity, density, viscosity, acoustical 
impedance with increase in concentration and 
temperature show that solute-solvent interaction are 
present in the solution. The addition of polymer or the 
increase of thermal energy will break the bonds of 
solvent molecule which provide the free ions to 
interact with polymer molecules. These free ions 
interact with the polymer molecules in which partially 
negatively charged oxygen atom of PVP may be 
attracted towards partially positively charged 
hydrogen atom of water. This will increase 
association in polymer and solvent molecule and 
complex formation takes place between them. Also 
polymer-polymer interaction is present in the 
system.The UV-Vis spectra observed for different 
concentration also supports the above discussion.  
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