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Polargroaphic• Estimation of GaDl Arabic 

S. N. Mukherjee and (Miss) Leana Roy 

A poi,.rographic mc~hod for the estimation of gum "rabic hao boon pr ...... l>cd. The gum appcara to form 
a complex with the IIU)Iporting cleotrolyte. Thio complex suiTcl"ll reduction at the Kg-dropping cathode, the 
number of electrons involved in the process being unity. 

In cour11e of our invt>stig&tions on 801utions of gum &rabic, it was felt that & quick 
;mtl c·onvcmiE'nt mt~thod should bt> workoo f'Ut for tho mpid routine estimation of gums. 
Tho cmwcmtinnnl method till now is prinl"ipally a chemical or:ie in which it would be neces­
Mry to scpnmte the gnm fmm solution. oitht'r hy ova.poration of the solution to dryness 
,·cry l"nrofully, aYoiding <"110.rring of the gum, or hy precipitation nf the gum by addition 
of sufficient quantity of ethanol, hy d<.,sicc·o.tion of the precipitated gum in vacuum, and 
them oRtimating tho clmncnte )Jl'('HOUt in a definite amount of the proeipita.ted gum. The 
proc:'ess is not only tedious but al~o iueonvcnicnt for o. quick result which is so often 
lll'eCSRO. ry, 

In orckr to deviso some quick physico-chemical method for routine work, various 
propt•J"ties, such as, specific rotation, refractive index, etc. of the gum were looked into. 
Determination of optical rotation of the gum was found poRHihle in dilute solutions only 
(0.1% or le98), but the anglo of rotation was obsorvl.'d to difft>r Vl'ry little from that of water. 
\Vith cnncentmted solutions the tmnsmisaion of light was 110riously affl!cted by scattering, 
etc. o.nd the field be~.ame too dark for any roli&blo reslllt. Rofractometrio estimation 
was more suce.essful and refractive indiceB HXhibittJd linear variations within narrow 
ftn:g f aacentrations, but the line of wparation l>roduced by total int('rnal reHection 
being not quite sharp, the method was far from satisfactory (vide. i'lljf'tl). 

Potentiomotrltl and conductometric titrationY were tried by electrodialysis of the 
gum or by treatment of the gum with HCI and subsequent dia.lysis; the total acidity for 
the acid was found different with different bases'. This l>resontad peculiar difficulties in the 
way of <:hoosing which elf these results woiJid present the true concentration. _1\[oraovor, 
these methods a.re time-consuming. 

The difficulties enumerated above ultimately led us to apply the polaro­
graphic method in this case. In the present investigation, it IJ&B been our object to study 
the pola.rographic wa.voo of gum solutions, using different supporting electrolytes like the 
chlorides, nitrates, sulphates, etc. of sodium, pota1111ium, lithium, and barium. 

. Gum ,p.ra.bio is known to be composed of (-)-arabinose, ( +) -galn.ctose, (-)-rhamnose, 
and (+)-glycuronic acid. The (+)-glycuronic acid residue oonfeu acidic character to the 

l. lllukherjee and Ghosh, this Joumat, 1949, 26. 81. 
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macromolecules. Modcm.k>ly concentrate(l solutions ~how _pH lpween 2.2 and 2.7. Pola­
rographic Etudies of t-hese constituents havfl been re~ll tlie litornture. (-·)-Ara­
binose and (+)-galactose in phm;.phate buffer (pH 7) show half-wave potentials of 
-1.58 V and 1.59 Y respectively•. (-)-Rha.mnoBC is a ketoso. It has been identified 
polarographically, using 0.2 M -CaCl. a A a supporting elcc,trolyte. Studies on (+)-glycuronic 
acid have been· made by !Bhidata. o.ml Shimozawa3, but the polarographic study of the 
whole gum has not been reported so far. 

ll XP I~ ltl l\tJo:NTA 1. 

Gum arabic samJ>les used in thcso CXI~rimcnbt were of Stafford AIJ(•n & Sons' pure • 
quality. This was purified by repeated (thricB) 1•ml"ipita.tion with dry ethanol and its 
remo\·al with dry ether. The sample thus propo.r<'rl u-a.s next exposed w air· at room 
temperature (about 30°) to remove ether. 

Polarogmt•he of this purificcl sampleR of the gum worll taken at concentrations of 0.5, 
I ,2, and 3% of the gum in aqueous solutiouH. Supporting electrolytes were taken at a con­
centration of O.LV (final cone.) with 0.07% dextrin• aR n. supJlressor. RcagentH uecd were 
all of G.R. quality of E. !\lerck. 

The instrument WO.II the c .. mbri!lge llen-writillg polarograph. Sensitil·ity of tho 
a.ppanrtus was adjusted to read 3 in the third place of decimals for the half-wave potential 
and 13.3 mm and 26.6 mm for I 11-'\ for the rliffusion cmrrcnts. Drop time waE 3.5 sees. 
approximately. The maBEl "t"alue per unit time was 2.55 mg.fsec. 

The same solutions were used for refractometric and polarimetric rncasurement.s. 
Refractometric measurements could not, however, be co.rried out with an ordinary Abbe 
refractometer as the differences were too small to be confidPntly relied upon. So these 
mEasurements were conducted. in a differential refractometer (Phoenix typo) in the blue 
light 4369! of the Hg-spcctrum. 

DIRC !iSS ION 

Polarograms of the gum at different concentration~ O.Jlpear in Fig. 1. Tho graphs 
refer to O.IM-BaCI0 o.s the support.ing electrolyte. Only one BJ>ecimen with BaCI. has 
been graphically presented. 

Curves obta.ined with otlter electrolytes, viz., (0.1 M) KCl, NaCI, LiC-l, KN0
3

, K,.SO •• 
a.re exactly similar in shape, appearance, aml half-wave potentials. 

The v;alue of E-t against saturated calomel electrode WBB observed to be -1.50 volts. 
The values of id were found to be proportional to the concentration in each case; pa6Sing 

2. Carpenter and Kodicek, Biod.em. J., 1048, olll. 11. 
3. J. Pha.rm. BotJ. Japa•, lUU, 64, rlo'l; 0/ll.m. Abld .• l9Ji1, 45, 3293. 
4. Wawzonsk, AMI. Ohem., 1958, 30, 081. 
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through the origin on "'Etrapola.tion. The id. va.luos could :O:ot, however, be ca.lcula.ted from 
Jlkovic'a equation: . 

p~o.rily beco.uee of the uncertainty of the value of D and n.. 

-~ 

-1.0 -1.0 -1.0 
Applu.l pnt..nli•l (mil). 

FIG. 1 

-1.1 

(R) Curv"" A, 8, (',and D reprMICnt 3.11, 2.0, 1.0, anrl O.!i% ofp:um r""pectively. 
(h) St.artiDI!I pot.enti&l in all....., equalo-1.0 volt excepting curve D where the ot.artiog potential 

iA- I. I volt. ' 
(<) 10 di.-. on tho X-axia repr.,..,nt 0.1 volt. 
(rl) }'or curv ... A mnr! n 13.3 mm "'Jlr•I'MltM I (.&A anrl fnr C anrl D, 26.6 mm representA I !LA. 

An attempt to <:aknla.tc tho value of n. has boon made in the light of the following 
considcmtions. Tho gnm ia. known to be tho K, Mg, and Ca.-salt of a complex acid usually 
tormod t.ho amhi" 1\C'i<l (a.el'onling t.n tho name of the gum from which it is derived). The 
11rinl'i}lal ion of tho gum is thorl'foro anionic in l'haracter with a negative charge. That 
anions had litt-le offect was confirmed by changing the anions which produced almost no 
effect on Et of the wave with the Mme cation. Tho values of the valency number (n) 
was "calculated from any point on the wave whero the current was i by the helr of the 
equation: 

(J.05~! log 
E = El - n .id- i 

where E and i. 1uo the potential and the current at any point and Ei and id, the half-wave 
· .-~"~II!Qd the diffusion current of the wave'. Tb.e value of " was calculated to be near 
about 0.74 from the slope of the above equation. The valency number, n, thus approxi· 
mates to unity. 

With electrolytea (like KCI, KN03 , NaCl, LiCI, etc.) the value of id. for the same 
concentration of the gum was almost constant, but it varied slightly with BaCI. and 
K.SO..,. Reaulta are shown in Table I, where tilightly higher values of id have been 
obBCrved. 

Cone. of gum. 

0.11% 
1.0 
2.0. 
3.0 

TABLE I 

Temp. = 35". Cone. of electrolyte = 0.1 M. 

Avera.go dill"uoion our rent. (in 
KCI. NoCI. LiCI. BaCt. 
0.403 0..403 0.413 e.688 
0.811; 0.806 0.81'>4 1.013 
1.575 1.5'75 1.81'.0 2.016 
2.326 2.:J26 2.400 2.850 

5. Meites, "Polarographio Techniqne" ,lnterocieooeP11bliahen, p. l()f., 

(.&A] .. it" 
KN03• x.so .... 
(),413 0.488 
0.825 1.013 
1.575 :uoo 
:!.302 3.375 
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The o.vera.ge vo.lue of id was co.lculo.ted froD;J. three deter!J'Iino.tions in eaeh case. 
The relo.tionehip obviouely appoo.rs to be linear with ooncen~10n. 
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This evidently shows tho.t if we can determine tho value of id for a. unit concentra­
ion of the gum, which we shall term tho specific id-ve.lue when the concentration i~ 
exactly 1%, we can, by the hel)> of this, estimate the concentration of a specimen of un­
known concentration from its id value. It is worthwhile to point out in this connection 
that more dilute solutions of gum than0.25% do not produce good polarographic WIWea, 

calculetion of id from which does not appear to be sufficiently warrant-ed. The method 
therefore appears to hold for compara.ti,·ely concentrated solutions. 

This work is but a preliminary one. Other gums and other electrol~·tos with various 
concentrations are being tested, results of which will appear lo.ter. 

Results of refractometric moo.surementE a.p}Mlar in Fig. 3. The graph is obvi01uiiY 
linear, but although the variations of refractive indices occur in the third plecO'"ot" decimals 
(Tablell), these cannot be reliably determined in ordinary Abbe refradom!ltersdue to the 
boundary line between the dark and the bright fields beiu!! blurred. Rer~lts relate to the 
differential refractometer referred to above. 

Cono. (%) 
Ref. u..t;, 

TABLE ll 

Temp. = 30"-
11.5 1.0 

1.332421 1.3331GII 
!!.II 

1.334615 
!1.0 

1.336176 
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