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ABSTRACT

KEYWORDS
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Congo red (CR) isasymmetrical azo dyethat has been used extensively in
histochemistry, as staining agent for amyloid proteins and a host of other
pharmacological applications. However, recently is has been found to
form aggregates in aqueous solution and, in addition to its - packing
properties, makes Congo red useful as a supramolecule. Its thermody-
namic properties that are pertinent in evaluation and accurate interpreta-
tion of itsinteraction with solvents and other solutes are also very impor-
tant. These parameters such as partial molar volume, viscosity, density
and index of refraction have been determined in this work. The partial
molar volume and the refractive index of this compound were determined
as296.86 + 4.16 cm®*/mol and 1.4118 + 0.0000, respectively. Therest of its
physico-chemical propertieswere determined as afunction of its concen-
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Density;
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Index of refraction;
Supramoleculeg;
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Dye.

tration which ranged from 9.58 x 10310 4.69x102 M.
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INTRODUCTION

Physico-chemica properties(partia molar volume,
density, viscosity and refractive Index) of asoluteare
thermodynamic observablesof any given soluteand are
useful intheanaysesand prediction of the behavior of
solutes solubilized in asolvent!*¥. Researchwork in
these areasi s continuing asmoremol eculesare synthe-
sized/discovered. These propertiesare used in chemi-
ca and biochemica/biologica sysemsstudy of solute-
solute, solute-solvent interactionsaswell astheir iso-
therma compressibility!®9. Inthiswork wedetermined
the physico-chemical properties of Congo red. The
chemical structure of Congoredisshowninfigurel.

Congo redisasymmetric, sulfonated azo dye and be-
longsto the class of protein-binding dyes. Thecolor of
the solution of Congo redis pH-dependent. At pH up
to 3, thissolutionisbluish and at pH above5 the color
becomes bright red. As aresult it has been used in
Chemistry as a pH indicator?2Y, Congo red isalso
used asadyeing agent in textileindustry!?>24, Perhaps,

NH, NH»
CL "0
SO;zNa SO3Na

Figurel: Thechemical structureof Congored (CR)
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Figure2: Comparison of density obtained using dmadensity
meter and that clamed by sovent’smanufacturers
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Figure4: Calculated density of CR versusmassof CR

the greatest use of Congo red isin biology and his-
tochemistry. Under apolarized light Congoredishire-
fringent!®24, |t isalso known to bind to amyloid pro-
teinsand itsbirefringence under apolarizedlightisa
characterigtid?*Ufegturethat hasmadeit useful in char-
acterizing itsinteraction with amyloid formationin
Alzheimer patients®. Morerecently it hasbeen found
to form aggregatesin agueous solutiont®*¥7, andin ad-
ditiontoitsn-rt stacking properties, hasbeenfoundto
be useful as a supramol ecul €343-42, The thermody-
namic properties, particularly itsphysi co-chemica prop-
erties, pertinent in eval uation and theinterpretation of
itsinteraction with solventsand other solutesareim-
portant. However, to the author’s knowledge these
properties have not been determined. Therefore, we
have attempted, in thiswork, to obtain these properties
inagueoussolution.
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Figure3: Solution density ver susmassof CR

Fig. 5 Apparent Molar Volume of CR Versus th
Square Root of Concentration
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Figure5: Apparent molar volumeof cr versusthesquare
root of concentration

EXPERIMENTAL

Materials

Congo red (CR) wasobta ned fromAl drich Chemi-
cd Co. Inc., Milwaukee, Wisconsin, USA and wasused
asrecelved.

Instrumentation

Thedensity of all solutionswasdetermined using
theAnton PAAR Digital Density Meter, model DMA
35 obtained from Anton PAAR K.G, A-8054 Graz,
Austria, Europeand the viscositiesof thevarious solu-
tionswere obtai ned using the Brookfield Viscometer,
model DV-11+ supplied by Brookfield Engineering
Laboratories. Inc., Middleboro, Massachusetts, USA.
Therefractiveindices of the solutionswere obtained
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Figure6: Theobserved refractiveindex of cr versusitswt. %

usingthedigita LeicaAbbeAuto refractometer. This
instrument was supplied by Leica, Inc., New York,
USA.

M ethodology
Density, p

Congo red solutionsranging in concentration from
9.58x103 M t04.69x102 M were prepared in seven
different 25.0 mL volumetric flasksfrom astock solu-
tion of 4.79x102 M. The densities of these solutions
weredetermined usingaDMA Density Meter which
wascdibrated usingtriply distilled and deionized water
withadensity of 0.997 g/cm?. It wasa so checked with
aknown value of density of some common solvents.
Thisisshowninfigure?2.

It can be seen that the observed solution density
corrdated well withthemanufacturers’ claim of the sol-
vents’ density. With this fact, we are therefore sure that
the Congo red solution density we obtained isreason-
ably accurate.

Theapparent molar volume, ¢

Thepartial molar volume, V ¢, wasdetermined at
infinite CR concentration by plotting the apparent mo-
lar volume, obtained from the density data, asafunc-
tion of the concentration of the CR in accordancewith
theliterature methodol ogy.

Refractiveindex, n

A stock solution of 2.34x10°3 M of Congoredwas
made. From this, concentrationsranging from 0.23to
2.11x10* M were prepared in nine different 5.0 mL
volumetricflasks. Theseconcentrationswere converted
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Figure7: Incremental refractiveindex of CR

totheweight percent of thetotal massof the solution.
These concentrationsgavethevauesof 0.08t00.73
weight percent. Therefractiveindex of each of these
solutionswasthen obtained fromthedigita AbbelLeca
refractometer.

Viscosity, n

Solutions of Congo red ranging from 7.5x103to
3.25x102 were prepared from a stock solutions of
4.79x102M. 16.0 mL of each of these solutionswere
used to obtain the viscosity of each concentration.

All solutionswere prepared using triply distilled
water from Photronix Reagent Grade Water System.
Also, dl the experimentswere performed at room tem-
perature, 25+ 0.2°C.

Treatment of density data

Althoughdensty, p, isanintensive property of mat-
ter, itisaratio of themassand volumeof matter which,
conventionaly isgiven by therdaionp=m/ving/cmg,
mandv inthisrelation are extensive properties. Thev
in particular isboth temperature and concentration de-
pendent so also isthe d. For thisreasonit is not ex-
pected that p should be linear with either m or v. When
the solution density of CR obtained usingtheDMA
density meter isplotted asfunction of themassof Congo
red, anon-linear curveisobtained ascan beseenin
figure3.

Theequationfor thiscurveisobtainedasp . ., =
0.9972 + 0.0183m -0.0077m?. Theminthisequation
isthe mass of the CR. However, when the different
masses of CR werefit intothisequation alinear curve
isobtained ascan beseeninfigure4 witharegression
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TABLE 1: Theobserved density of Congored at different
concentrations
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TABLE 2: Thecalculated molar volumeof Congored at dif-
ferent concentrations

Concentration of CR, mM Observed Density, g/cm3

Concentration of CR, mM Apparent molar volume, ¢

0 0.997
9.58 1.000
1341 1.001
2.108 1.003
2.682 1.004
3.257 1.005
1.006 1.007

9.580 384.6716
1.341 399.584
2.108 413.2797
2.682 436.9817
3.257 452.4024
3.832 463.1953
4.686 484.7225

TABLE 3: Theobserved refractiveindex of Congored at
different concentrationsand weight fractions

Concentration of Wt. Observed refractive
CR, mM Fraction, % index, n
0.2343 0.0816 1.33282
0.4685 0.1632 1.33287
0.7028 0.2448 1.33293
0.9370 0.3264 1.33303
1.1713 0.4080 1.33308
1.4056 0.4896 1.33313
1.6398 0.5712 1.33320
1.8741 0.6528 1.33325
2.1083 0.7344 1.33334

TABLE 4: Theaobtained viscosity of Congored

Concentration, M Viscosity, mPa-s

0.5250 101
1.0516 1.02
15774 104
2.1031 1.06
2.3963 1.05
3.1547.1 1.08
3.3548 1.10
3.6805 111
4.2063 114
6.2963 167

equation of y =0.0257m + 0.9958 wherey isthetrue
dengty of CR.

RESULTSAND DISCUSSION

Density, p

TABLE 1 showsthe obtained density of the solu-
tions prepared as per the experimental section and the
section of Data Treatment of Dengity.

When the masses of CR ingramswere plotted as
described abovethe density of CR wasdetermined as
1.0001 +0.0004.

Theapparent molar volume, ¢

We show inthe TABLE 2 the obtained apparent
molar volume, ¢, of each solution, using the equation
M 1000(p-p.)

p. cp.
Inthisequation M isthemol ecular weight of Congo
red, p, and p arethe densities of the solvent (water)

and the solute (Congo red), respectively, and cisthe
soluteconcentrationinmol/L.

o=

When the obtained apparent molar volumes are
plotted asafunction of the squareroot of the concen-
tration of the solute (Figure5) and extrapolated toinfi-
nite dilution in accordance with the Mason equa
tion441 v =V°, +S*\C, alinear plot isobtained
with anintercept of 296.86 + 4.16 cm*/mol.

Thisvauewasregarded asthe partial molar vol-
umeof Congo red.

Refractiveindex, n

InTABLE 3 wetabulated the observed refractive
index of Congo red at each concentration and their re-
spective converted weight percent.

Theobsarved refractiveindicesof thesolutionswere
plotted as afunction of the weight percent of Congo
red and alinear plot was obtained (Figure 6) with a
regression equation of y = 0.00079 + 1.33275.

Us ng the gpplication note methodol ogy of Mavern
Instruments and Savey and his co-workerg*#7, the
refractiveindex of 100 % Congo red was determined
as1.4118+ 0.0000 with anincremental vaue, dn/dc,
of 0.27534 + 0.0001 which was obtained by plotting
the observed refractiveindex asafunction of concen-
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Figure8: Calculated intrinsic viscosity ver susthe[CR]

tration (Figure 7). Thedopeof thislinear curvegives
thevalueof dn/dc.

Viscosity, n

Viscosity isawell known physical and thermody-
namic property of matter and itisameasure of theflow
propensity of al matter, beit agas, asolid, aliquidor a
mixture. Itisparticularly important intheoil and cos-
meticindustriesso asoin pharmaceutica formulations.
Thisproperty of matter isconcentration dependent as
canbeseenin TABLE 4.

However, weevaduated theviscosty of CRinterms
of intringc viscosity, [n], whichisconcentrationinde-
pendent. Thiswasdetermined by plotting the observed
thelogarithm of relativeviscosity, n/n , for different con-
centrations of Congo red in g/dL in accordance with
therelation CIn(n/n ) versus C48, Ascan beseenin
figure8, alinear curvewas obtained.

Inthisrelationshipn andn aretheviscosity of the
solution of Congo red and that of the solvent, respec-
tively. Anextrapol ation of thislinear curveto zero con-
centration of CRyields[n]. The[n] of Congored thus
obtainedis12.26+ 3.76 g/dL. Thisparameter together
with the other determined physico-chemica properties
of Congoredarelistedin TABLEDS.

CONCLUSION

Ascan beseenin TABLE 5 the physi co-chemical
propertiesof Congo red (the partia molar volume, den-
Sty, refractiveindex, incremental refractiveindex and
theintring cviscogty) havebeen determinedinthiswork
using standard techniques. It ishoped that these prop-
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