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unsaturated fa t ty  acid groups, was also applied to 
our palm oil sample and the results obtained also 
show in Table V. As can be seen, there is a reasonable 
agreement between the results of the various analyt- 
ical methods; however, data for two different samples 
of palm oil show in Table V. 

Since the above chromatographic method consti- 
tutes a real fractionation without chemical transfor- 
mation of the sample, all fractions thus obtained can 
be subjected to additional analytical investigation. 
For  instance, enzymatic hydrolysis with pancreas 
lipase, which gives information about the distribution 
of the fa t ty  acid composition in the a- and fl-positions, 
can be applied. 
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Soybean Unsaponifiables Hydrocarbons 
from Deodorizer Condensates 
C. D. EVANS, J. O S W A L D  and J. C. COWAN,  Northern Regional Research Laboratory, 1 Peoria, Illinois 

Abstract 
Molecular distillation of deodorizer condensates 

followed by chromatography on alumina, gave 
substantial quantities of hydrocarbons free of 
other unsaponifiable constituents. Squalene com- 
prised 50% of the hydrocarbon fraction and con- 
tained practically all the unsaturation. A crystal- 
line, saturated hydrocarbon fract ion of 4.2% was 
composed pr imari ly  of C29 and C31 paraffins. An 
unresolved fract ion was composed of two major 
components, each estimated to contain about 30 
or 35 carbon atoms. Minor amounts of many hy- 
drocarbons with chain lengths of 15-35 carbon 
atoms were present but not completely identified. 
C 14 analysis showed that the hydrocarbons are 
natural  to soybean oil and they are not artifacts 
arising from petroleum solvent residues. 

Introduction 

S ATURATED,  U N S A T U R A T E D  a n d  terpenoid hydrocar-  
bons have been reported as constituents of the 

unsaponifiable fractions obtained from vegetable oils 
(1,5,8,10). Hydrocarbons constituted the bulk of un- 
saponifiable mat ter  in deodorizer distillates obtained 
from peanut, cottonseed, sunflower and pahn oils (8). 
The even-numbered carbon chains so common to fa t ty  
acids are not observed in unsaponifiable hydrocarbons. 
Nor does the hydrocarbon chain length appear to hold 
any relationship to the molecular size of the eompo- 
nent fa t ty  acids. Aliphatic hydrocarbons from C13 
to C~2 have also been reported as unsaponifiable con- 
stituents (8,9). 

Usually strong odors are not associated with hy- 
droearbons, but  Marcelet (9) reports an agreeable 
aromatic odor for a C13H24 diene hydrocarbon ob- 
tained from olive oil and strong odors and a nauseat- 
ing taste for two mlsaturated hydrocarbons obtained 
front peanut oil. Jasperson and Jones (8) concluded 
from their examination of deodorizer distillates from 
six vegetable oils that  the predominant type of hydro- 

1 A laboratory of the No. Utiliz. Res. & Dev. Div., ARS, USDA. 

carbon was terpenoid, which possessed a strong odor 
and nauseating taste. Their  s tudy did not include soy- 
bean oil. tIowever, chromatographic curves published 
by Cappella et al. (1) indicate that  the composition 
is similar to that of other vegetable oils. Our previous 
publication indicated that only the hydrocarbon por- 
tion of unsaponifiables contributed to the flavor prob- 
lena of edible soybean oil (7). Hydrocarbons from 
soybean unsaponifiables have not been thoroughly 
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TABLE I 
Molecular Distillation Da ta  on Deodorizer Condensates 

[ I ~ I I Unsaponi-[  Hvdro-  r r e s s u r e  . Sample Temp C mm H Volatile fiable ] carbon 
I g I l in volatile i . . . . . .  p l e  

~ - -  - - I - - T - ~ - - - ~ ,  % 
8 D C 1 " . - -  ..................... 200 I 0.03 14 85 1.4 
S D C 2  ........................ 240 ] 0.15 I 16 I 13 I 0.4 
Clabber 3 ................... 195 0.04 50 78 3.4 

a Shell d ra in  condensate, 

characterized, although squalene C3oH5o (5) and ga- 
dusene C18H32 (10) have been reported as consti- 
tuents of soybean oils. This paper reports isolation 
and characterization studies made on the hydrocar-  
bon fraction of unsaponifiables obtained from a com- 
mercial soybean oil deodorizer distillate. 

Material  and Methods  
Source materials for the isolation of hydrocarbons 

were a) the shell drain concentrate from a Girdler 
deodorizer, b) the shell drain concentrate and e) the 
hot-well skimmings or " d a b b e r "  from a Blaw-Knox 
deodorizer. These materials are referred to as deodor- 
izer condensates. Figure  1 outlines the fract ionating 
procedure used to obtain the hydrocarbons from the 
deodorizer condensate unsaponifiables. Molecular dis- 
tillation data, obtained on an Aseo No. 50 Rota-Film 
still, show in Table I. The volatile fraction was 
saponified twice, and the yield of unsaponifiables and 
hydrocarbons is based on wt of start ing material. 

Alumina chromatographic columns, packed into 
either Woclm or regular chromatographic alumina 
tIarshaw AL-0102-P, were equally satisfactory in sep- 
arat ing the hydrocarbon fraction from other unsaponi- 
fiable components (2,14). Columns were developed 
with petrolemn ether;  if fractions beyond the hy- 
drocarbons were desired, the mixtures of petrolemn 
ether and diethyl-ether were used. Colunms of Darco 
decolorizing carbon were used to fractionate the satu- 
rated hydrocarbons from the unsaturated.  These 
columns were eluted with petroleum ether, and the 
separations obtained were followed by gas chromatog- 
raphy  and thin-layer chromatography (TLC) .  

Gas-liquid chromatographic analyses were con- 
ducted on a 4-ft silicone gum-rubber column operated 
up to temp of 270C. Thin-layer ehromatograms were 
made with 9 parts Mallinckrodt 100-mesh silicie acid 
and I par t  plaster of Par is ;  these were developed in 
a 10% diethyl ether-pentane mixture. 

Tosy]ations and brominations were conducted in the 
usual manner  (13). Oxidation of the unsatuated hy- 
drocarbons was conducted in acetone containing 10% 
water, with KMn04 (13). The resulting mixture was 
separated on alumina to recover the saturated hy- 
drocarbons. 

The following hydrocarbons, which are available 
from various commercial sources, were used as chro- 
matographic standards: n-deeane, oetadecane, 1-octa- 
decene, n-oetaeosane (containing C26 and Cao), dotri- 
aeontane (containing Cos and Cao), tetratriacontane,  
squalene, and squalane. 

Resul t s  
Deodorizer condensates were warmed and filtered 

hot to remove extraneous materials such as dir t  and 
lint and to obtain a clean, d ry  product  that  could be 
molecularly distilled. Data in Table I show com- 
positions of shell drain condensates (SDC) from two 
different types of deodorizers now in current  use. Op- 
erating conditions of the commercial deodorizers (4) 
undoubtedly account for differences in the amount 
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FIG. 2. A s i l ie ie  a c i d  l i q u i d - l i q u i d  e b r o m a t o g r a m  o f  un -  
s a p o n i f i a b l e s  f r o m  t h e  v o l a t i l e  p o r t i o n  ( 1 9 5 C  a t  4 /z) o f  d is-  
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e ro l s  p l u s  u n k n o w n s ,  I I I =  s t e ro l s ,  I V  = h i g h l y  p o l a r  m a t e r i a l s .  

of volatile materials in the two samples. At  200C 
practically no volatile material came from SDC 2, 
and when the temp was raised to 240C, a Volatile 
fraction was obtained but  the amount of the hydro- 
carbon fraction was small (0.4%).  TLC indicated 
that practically all the hydrocarbons in SDC 2 were 
in the volatile fract ion;  however, at the lower temp 
of distillation (200C) employed on SDC 1, TLC tests 
indicated that a considerable amount of hydrocarbons 
was retained in the residue fraction. Because of low 
yield fur ther  studies for the isolation of hydrocarbons 
were not conducted on the SDC 2 sample. The hot- 
well elabber gave the highest yield of volatile prod- 
uct (50%) and also the highest yield of hydro- 
carbons (3.4%). 

A silicie acid liquid-liquid ehromatogram (Fig. 2) 
shows that the composition of clabber unsaponifiables 
is very similar to the unsaponifiable obtained from 
SDC and soybean oil (6,7). Figure  3 shows the TLC 
of samples taken at midpoint of each of the peaks 
in Figure 2. Identification of the spots with known 
materials, except peak IV which is an orange-colored 
band of highly polar material (probably oxidative 
polymer) ,  shows the major fractions to be hydro- 
carbons, tocopherols and sterols. Cohen and crystal- 
lization of the tosylates produced a filtrate high in 
hydrocarbon content (6). A quantitat ive separation 
of the hydrocarbons, indicated by TLC and Ig ,  was 
obtained on an activated alumina eolmnn. The suc- 
cess of this separation prompted examination of the 
unsaponifiables directly upon an activated alumina 
column. 

Yields of 8.8% hydrocarbons were obtained from 
the unsaponifiable volatile fraction of the dabber.  Be- 
cause of the high polari ty of the sterols and toeoph- 
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FIG. 3. Thin-layer ehromatogram of fractions taken from a 
liquid column of the saponified volatile fraction of hot-well 
clabber. 

erols, large amounts of unsaponifiables (8.0 g) can 
be successfully chromatographed on relatively small 
amounts (100 g) of activated alumina. Long tailing 
was exhibited by these columns probably because of 
the large amount of sample employed, and this tail- 
ing necessitated taking many eluate fractions. The 
pur i ty  of the fractions was followed by TLC. 

A bromine test and an [R examination indicated an 
abundance of unsaturation in the hydrocarbon frac- 
tion. The hydrocarbons were examined by GLC on a 
silicone gum-rubber column, at temp up to 270C. 
Tentative identification, by log-log plots and against 
known hydrocarbons, indicated that many compounds 
were present, within a carbon chain range of C~ to 
Ca6. The majori ty of the material had chain lengths 
in the neighborhood of 30 carbon atoms. Since the 
major quanti ty of the hydrocarbons had chain lengths 
greater than the pentane-hexane distillation residues 
and contained unsaturated materials, it would seem 
that these products are native to soybean oil and are 
not contaminating materials derived from hexane- 
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FIG. 4. Gas-liquid chromatogram of the hydrocarbon frac- 
tion obtained from hot-well dabber. Known C~, and Ca._. hydro- 
earbons added as standard reference materials. A 2 ft 3% 
siliemm gum-rubber column was operated at 270C. 
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solvent residues. Figure 4 shows the gas chromato- 
gram of the hydrocarbon fraction obtained from a 
deodorizer distillate. Three components at approxi- 
mate carbon numbers Cao, Ca,, and Ca2 constitute 50, 
20, and 20%, respeetively, of the total hydrocarbons 
present. 

Figure 5 shows the log retention time versus the 
carbon number plots for hydrocarbons obtained from 
soybean oil, SDC 1. The presence of at least four 
types of hydrocarbons is indicated by Figure 4 (3). 
Hydroearbons present in SDC eould include a) satu- 
rated crystalline hydrocarbons (C27 to Ca2); b) un- 
saturated hydrocarbons, i.e., those removed by oxida- 
tion which could be aliphatic, branehed chain or 
cyelie; c) the terpenoid type and possibly its satu- 
rated counterpar t ;  and d) saturated branched chain 
or cyclic material. The whole hydroearbon mixture, 
even after removal of the crystallizable saturates, is 
too complex to be resolved by gas chromatography 
without prior fractionation. The two identity lines 
shown at lower right in Figure 5, indicate that at 
least two types of nonerystallizable saturated hydro- 
carbons are present (3). The identity of these hydro- 
carbons has not been established. 

Squalane and squalene, because of their branched 
structure, have shorter retention times than normal 
hydrocarbons and are equivalent, on a silicone eohmm, 
to a C2s and a C29 saturated hydrocarbon, respectively. 
Although squalene ean be removed by oxidation, a 
small amount of hydrocarbon having the same reten- 
tion time remains in the oxidatively stable portion 
of SDC. Prel iminary studies with mass spectra for 
hydrocarbons of this mol wt have not been helpful 
because of the lack of strong parent peaks and be- 
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Fie. 6. Log retention time plot against carbon chain length 
of hydrocarbon standards. 

cause of the presence of the large number components 
in the mixture. 

The silicone columns as normally employed in GLC 
do not distinguish between saturated and monoun- 
saturated materials, although the multibranehed chain 
and iso compounds have a retention time lower than 
normal alkane hydrocarbons. Thus the tentative iden- 
t i ty plot for an unknown C~o carbon compound could 
easily be in error by 1 or 2 carbon atoms. For  this 
reason, plus the inherent error  for high temp opera- 
tion, as many known standards as possible in the Qo 
to C3~ range were included in this work. Figure  6 
shows the relationship of the retention times (at 
270C) to carbon number of these known materials. 
The good linear agreement between carbon number 
and the log of the retention time indicates that  the 
method is applicable to these high-boiling (200-300C) 
materials. 

Crystalline Hydrocarbons. The first fractions eluted 
from the alumina column, when stripped of solvent, 
developed crystals upon standing. These crystals 
were collected and recrystallized from absolute etha- 
nol. A yield of 4.0-4.2% of the total hydrocarbon 
fraction was obtained. Carbon-hydrogen analysis 
showed 85.04% carbon and 14.69% hydrogen, indi- 
cating a pure hydrocarbon. IR analysis showed 
nothing but evidence of a straight chain hydrocarbon. 
The crystals gave a negative bromine test, also a 
negative Libermann-Burehard test. Although the 
crystals melted sharply at 67.50, the gas chromato- 
graphic analysis (Fig. 7) showed the presence of 65% 
hentriaeontane, 8% triacontane and 27% nonacosane, 
plus a trace of heptacosane, oetaeosane, dotriacontane 
and tri tr iaeontane. 

Unsaturated Hydrocarbons. The bromine test indi- 
cated a large amount of unsaturation in the original 
hydrocarbon fract ion;  however, at tempted crystalliza- 
tion of the bromides was not successful. Oxidation 
of the mixture with potassium permanganate in ace- 
tone completely removed the unsaturated components. 
The oxidized mixture was ehromatographed through 
alumina to remove any glycols. GLC analysis before 
and af ter  oxidation showed the removal of the largest 

{ 

B v v 

Retention Time 
FIG. 7. Gss ehromatogram of A. saturate crystalline hydro- 

carbons from SDC 1 unsaponifiables, and 13. same sample with 
added hydrocarbon standards. 

peak, identified as squalene, and two smaller peaks 
m the C~s and C,)6 carbon region. The remaining 
peaks retained the same elution position, including 
eicosane which was used as a reference standard. 

Squalene identification was confirmed by hydro- 
genation of the mixture with a 10% palladium-on- 
charcoal catalyst. The odor of the sample disap- 
peared upon hydrogenation and the position of the 
GLC peak shifted from that of squalene to squalane. 
Good agreement was obtained between the observed 
bromine uptake and that calculated for squalene. The 
squalene content has been estimated from the various 
GLC determinations as constituting 50% of the hy- 
drocarbon mixture. Squalene has been reported as 
a natural  constituent of all vegetable oils except cocoa 
butter  (2,5,8,14). 

Squalene can be obtained in approximately 95% 
pur i ty  by ehromatographing the entire hydrocarbon 

o 

Distance .~ 

FIG, 8. Gas chromatogram of petroleum-ether residues, a low- 
boiling fraction. Silicone eo]umn isothermal run at 75C, 
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~IG. 9. Gas chrom~togram of high-boiling fraction. This 
cha r t  is ~ con t inua t ion  of F i gu re  8 b u t  wi th  temp p r o g r a m m e d  
at  the  po in t  indicated.  K n o w n  C~s and  C2o hydroca rbons  added  
as s t anda rds .  

mixture  through a colunm of activated carbon. The 
unsaturates  are the first major  components to be 
eluted, and check chromatographic  runs with knowns 
showed that  l-octadeeene and eicosane can be sepa- 
rated and a substantial  pa r t  of the olefin obtained 
in pure  form before the saturates are eluted. Prelimi- 
na ry  tests with the sa turated soybean crystalline by- 
droearbons (mostly C29 and C3~) indicate that  some 
fraet ionation can be obtained according to chain 
length, in  this mixture,  the major  port ion of C29 was 
obtained completely free of the C3~ component. 

Saturated Liquid Hydrocarbons. The liquid hydro- 
carbon fraction, obtained af ter  removal  of the crystal- 
line components and the unsaturates,  has not been re- 
solved or crystallized. GLC results indicate there 
are two major  components in amounts of ca. 20% each 
which, judging  f rom retention times, will have carbon 
chain lengths in the region of C3o to C3~. 

Judg ing  f rom their  properties,  it is quite possible 
that  they are branched chain hydrocarbons.  

Residues from Pe~dane-Hexane Solvents. Although 
specifications for extraction solvents (12) show a min 
a high-boiling components, a considerable amount  of 
residue was found in the laboratory-supplied pentane- 
hexane. The petroleum ether used throughout  this 
work was redistilled before use. Distillation of three 
pentane-hexane solvents at atmospheric conditions 
showed 0.15,0.07 and 0.05% residue material ,  which 
had bp above 100C. Complete distillation of the 
residue was not at tained at 120C under  vacuum of 
0.1 ram. F igure  8 shows an isothermal gas chromato- 
graphic curve of the low-boiling consti tuents;  Fig- 
ure 9 is the temp programmed continuation of the 
same run  showing the high-boiling components in the 
pentane-hexane residues. S tandard  hydrocarbons C~s 
and C2o were added to the mixture  as an aid in 
ident ifying the carbon chain lengths of residue ma- 
terial. I t igh  tool wt components may be present, but  
the indications are that  C,~2 hydrocarbons are about 
the upper  l imit ;  as indicated previously, these are 
shorter chain lengths than the hydrocarbons in soy- 
bean unsaponifiables. The evidence would indicate 

= 
o 

= 

o 

l I I I 
2 4 6 8 

Retent ion  T ime 

Fro. 10. Gas chromatogram of crystalline hydrocarbons ob- 
tained from paraffin wax. Silicone cohmn 300C. 

that  such hydrocarbons are native to soybean oil and 
are not contaminates arising f rom extraction solvents 
used in the processing of soybean oil. 

Paraffin wax can be readily crystallized f rom ace- 
tone to yield sa turated hydrocarbons containing C24 
and C~4 components in about equal amounts. F igure  
10 shows the gas chromatogram of the crystallized 
components obtained f rom paraffin wax. The com- 
parat ive  ease with which the paraffin wax crystal- 
lized would probably  indicate that  the major  par t  
of the sa turated soybean unsaponiflables does not con- 
sist of s t ra ight  chain hydrocarbons.  The figure of 
4.0% saturated hydrocarbon components in soybean 
unsaponifiables is somewhat substant ia ted by these 
observations. 

Possibly hydrocarbons of chain lengths greater  
than te t ra t r iacontane may  also be present  in soybean 
oil unsaponifiables and deodorizer distillates. How- 
ever, because of their  higher bp and lower vapor  pres- 
sures it would not be possible to detect and isolate 
them under  the conditions employed in this study. 
Jasperson and Jones (7) reported monounsatura ted  
C~,2 hydrocarbon (6%) present  in unsaponifiables 
f rom palm oil deodorizer distillates. They also re- 
port  the presence of a highly unsatura ted  C4o hydro- 
carbon (4%) in peanut  oil deodorizer unsaponifiables. 

Carbon C ~4 analysis would indicate the source of 
hydrocarbons in solvent-extracted vegetable oils (11). 
Hydrocarbons  arising f rom plant  sources have a C ~4 
count (12-14 cpm/g.), whereas those originat ing f rom 
petroleum sources have a zero count;  mixtures  show 
proport ional  Yalues. Although the petroleum solvent 
residue values repor ted by Ryder  et al. (12) are ex- 
t remely low and although the" analysis of laboratory 
hexane-pentane solvent residues would indicate that  
dewaxing removes hydrocarbons above C2~, the prob- 
lem of contamination is ever present. 

Table I I  shows the results of C ~4 analysis on sam- 
ples of unsaponifiable hydrocarbons f rom deodorizer 
condensates (elabber),  squalene, soybean oil, pentane- 
hexane, and pentanc-hexane residue. C 14 activi ty 
was determined by liquid scintillation counting and 
the specific act ivi ty of the fractions were compared 
to that  of soybean oil. Samples were counted for 150 
rain each and total  counts of 3,500-10,000 were ob- 
tained. The specific act ivi ty was determined by count- 
ing weighed samples and recounting af ter  the addi- 
tion of a known amount  of C 14 in order to determine 
the efficiency of counting. A background vs. efficiency 
curve was established for several quantities of petro- 
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TABLE I I  
Contamination of Unsaponifiables as Determined by Carbon-14 

Analysis for Petroleum Residues 

Sample 

Soybean oil .......................... 
Unsaponifiables 

Hydrocarbons .................. 
Hydrocarbons .................. 
Hydrocarbons .................. 

Squalene .............................. 
Pentane-hexane ................... 
Pentane-hexane residue ...... 

Counts 
rain 

33 

8 
10 
11 
40 

Effi- 
ciency 

% 
32.0 

16.0 
31.4 
36.5 
45.9 
56.7 

9.7 
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leum oil and this background used to correct the 
counting rate  of the samples. 

Possible contamination of the unsaponifiable hydro- 
carbon samples by petroleum solvent residues varied 
f rom 0 to a possible 20%. These values apparen t ly  
va ry  within the limits of accuracy of the method as 
would be indicated by the squalene control sample. 
C 14 counts for soybean oil and the petroleum solvent 
and residue showed the expected counts. Thus, hydro- 
carbons isolated f rom soybean oil deodorizer con- 
densates are native to soybean oil and did not arise 
f rom petroleum solvents used to process the oil. 

On the Polarographic Behaviour of the Palmitates 
and Myristates of Copper and Cobalt 
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Abstract 
Pyrid ine  complexes of niyristates and pahni- 

trates of copper and cobalt were found to be re- 
ducible at the dropping nlercury electrode in 
1) LiC1 in 1:1 benzene methanol mix ture ;  2) 
MeHS04 in 1:1 benzene methanol mix ture ;  and 
3) KC1 in glycol. The diffusion current  was found 
to be a l inear function of concentration. Hence 
it was concluded that  this l inear relationship can 
be successfully employed for the estimation of co- 
balt and copper concentration in their  respective 
soaps. 

Introduction 

T HE COS:PL~: format iou between pyridine and heavy 
metal soaps was pointed out by Boner (1). Re- 

cently we have done some pre l iminary  experiments to 
s tudy the polarographic  (3) and spectrophotometric 
(4,5) behaviour of some metal  soaps. I t  was found 
that  these methods can be employed for the quauti ta-  
tive estimation of metal  ions in the soaps. Due to these 
encouraging results it was thought  worth-while to ex- 
tend these studies to some other soaps such as those 
of cobalt and copper. The present  comInunciation 
deals with the polarographic behaviour of myris ta tes  
and palmitates of copper and cobalt in various non- 
aqueous media. 

Experimental 
Reagents. Palmitic and myrist ic  acids were B.D.H, 

C.P. grade, used af ter  fract ionat ion under  reduced 
pressure for the prepara t ion  of sodimn soaps. The 
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metal  salts of copper and cobalt, pyridine,  potassium 
chloride, l i thium chloride and methyl  red were B.D.H, 
A.R. grade. Benzene, methanol and glycol were used 
af ter  extensive purification and careful drying. Triple 
distilled A.R. niercury was used for polarographie 
measurements.  

Preparation of Metal Soaps. The soaps were pre- 
pared (2) by precipi tat ion method, adding an equiva- 
lent amount  of hot dilute cobalt or copper salt solu- 
tion to an equivalent amount  of hot dilute sodium 
palmitate  or myris ta te  under  vigorous stirring. The 
precipi tated soap was filtered, washed thoroughly with 
hot water  followed by d ry  acetone and ether and dried 
in a vacuum desiccator. The copper content of the 
soap was found by ashing a known amonnt  of the 
soap, dissolving the ash in mineral  acid and t i t ra t -  
ing the copper iodometrical ly;  the metal  content 
was 10.98% for  the palmitate  [calculated for Cu 
(C151t31(]00)2 11.08%] and 12.13% for the myris-  
tate [calculated for Cu(C1aII2:CO0)2 12.20%]. The 
cobalt soaps were subjected to sintilar t rea tment  and 
the amount  of cobalt determined gravimetrieal ly.  
Metal content was 11.12% for the palmitate  [calcu- 
lated for Co(C15H31C00)2 11.49%] and 10.20% for 
the myris ta te  [calculated for Co(C13H2~C00)2 
10.36%]. 

Apparatus a)~d Techn~:q.ue. The polarographic tech- 
nique applied here was the same as described earlier 
(3). Suppor t ing  electrolytes and the solvents used 
were the same as in the case of nickel soaps (3). 
Methyl red (0.004%) was used as the nlaximum sup- 
pressor in 1:1 benze1:e-methanol mixture  in the ease 
of methyl  hydrogen sulphate as suppor t ing electrolyte. 
The capil lary constant nl 2/3 t l/6 was 1.618, 1.320, and 


