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The soap titration method of determining average particle sizes in synthe­
tic latices has been modified so as to make it applicable to natural rubber 
latices.

The 7nethod consists essentially in determining the distribution of an added 
detergent (sodium dodecyl sulphate) between the rubber and aqueous phases 
at a pH  of approximately 6*o, the total dodecyl sulphate concentration being 
just sufficient for the formation of micelles in the aqueous phase. The average 
particle sizes of nine ammoniated laiices have been measured, including 
centrifuged and electrodecanted concentrates, tu'o clonal-field latices and a 
sample of latex skim.

iN T K O nrC T IO N

Soap titra tion  methods for dctem iining average particle sizes of syn­
thetic latices have been used by a num ber of workers.^-^.s In all cases, 
the latex {after dilution if necessary) is titra ted  with a solution of the same 
soap as th a t already present as stabiliser, the end-point being the onset 
of soap micelle formation in the aqueous phase. This occurs, of course, at 
the critical micellar concentration (c.m.c.) for the soap and several well- 
known m ethods for determining the c.m.c. have been used^’® for detecting 
the end-point of the titra tion . Knowing the c.m.c. and tlie total am ount 
of soap in the latex a t the titra tion  end-point, the quan tity  of soap 
adsorbed at the rubber-w ater interface is found l^y difference. By 
assigning a molecular area to  the adsorbed soap, the area of nibl>er-water 
interface and an average particle diam eter can be calculated.

In applying tiie method to natural rubber latex difficulties arise due to 
tlu* complex composition of the latex. Thus, inorganic salts and pos.sibly 
other non-rubber constituents are present in the serum in t[uantities 
sulftcient to  affect significantly the c.m.c. of an added soap and lience the 
end-point of the titra tion . This difficulty can be overcome by means of a 
suitable control experiment [vide infra). More im portant is the fact that 
the rubber particles in am m oniated latex are stabilised by a film of 
proteins and fa tty  acid soap (and probably small am ounts of other m ater­
ials) the composition and concentration of which are seldom known a t 
all accurately. In  the modified titra tion  method described below, this 
difficulty is met by titra ting  the latex with sodium dcjdecyl sulphate a t a 
pH value at which the interfacial activ ity  of the dodecyl sulphate is high 
while th a t of the fa tty  acid soaps and proteins is relatively low. By 
analogy with measurements made a t the xylene-water interface,'* the



(lodecyl sulphate should be i>referentially adsorbed a t pH  values less than 
al)out S'O.

K x i 'kh im kn tal  Meth od

To determ ine the am ount of sodium dodecyl sulphate adsorljed per 
unit volume of rubber in a given latex sample, a series of m ixtures was 
prepared from etjual weights of the latex by addition of aqueous solutions 
of sodium dodecyl sulphate, polyvinyl alcohol (present as creaming agent) 
and acetic acid, in th a t order, tlic volume of the m ixtures being adjusted 
by addition of distilled w ater to give the same final DRC, e.g. 20 per cent. 
Tlie am ount of polyvinyl alcohol and acetic acid used was the same for 
each m ixture, the ((uantity of acetic acid being sufficient to  give a final pH 
value of 6'0 ±  0-2.^ The am ount of polyvinyl alcohol added should be 
sufficient to produce a clear, or almost clear, rubber-free serum on allowifig 
the m ixture to  cream.

The am ounts of sodium dodecyl sulphate in the m ixtures range from 
cpiantities insufhcient to  cover the rubber particles with a complete 
monolayer, in which case the dodecyl sulphate in the serum phase will be 
present as individual molecules, to  quantities substantially in excess of tha t 
recjuired to  cover the particles completely, when most of the detergent in 
the serum will exist as micelles. If the am ount of dodecyl sulphate 
present is unduly small, i.e. less than about 70 per cent, of th a t retiuired to 
form a complete monolayer, the latex is liable to flocculate on addition of 
the acetic acid solution; this often serves as a rough indication of the 
end-point. An im portant precaution to  observe in preparing the mix­
tures is to  add the a<jueous acetic acid (5 per cent, to  10 per cent, strength) 
slowly with efficient stirring of the m ixture. W ith each series of mix­
tures, a contr<7l preparation is usually included in which the sodiun? 
dodecyl sulphate and acetic acid are omitted.

.After allowing the m ixtures to cream until a suitable (quantity of 
serum has separated, all the sera (excluding the control) are tested  for the 
presence of detergent micelles. A colorimetric test has been foimd 
convenient, using a dilute solution of pinacyanol bromide as indicator. 
Essentially the same method (spectral dye method) has been used by 
Klevens' for studying the particle sizes of synthetic latices. The pre­
sence of detergent micelles in the sera causes a colour change from violet to 
bhie. In distilled w ater this change occurs at a sodium dodecyl sulphate 
concentration of 0*2 ]>er cent., i.e. the normal c.m.c., but owing to the 
presence of salts etc., the colour change in a clear latex serum a t pH  ()*o 
usually occurs a t a concentration of approxim ately 0*04 per cent, of 
sodium dodecyl sulphate. To find this critical concentration accurately, 
aliquots of the clear serum from the control experim ent are mixed with 
different am ounts of dodecyl sulphate and adjusted to  pH  6-o with acetic 
acid solu tion; the recjuired critical concentration is then determ ined with 
pinacyanol bromide solution. Since the colour change occurs over a 
range (even though a small range) of dodecyl sulphate concentration, it 
is necessary to  m atch approxim ately the colours of the experim ental 
m ixtures with those of the aliquots of the control in order to  obtain 
accurate results. This m atching usually requires the preparation of a 
second series of m ixtures in which the to tal dodecyl sulphate concentration
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differs by small iiicremonts only, i.e. less tlian lo  per cent. The colour- 
cliaiigc a t the end-point does not occur instantaneously in latex senmi 
and it is advisable to allow all solutions to  "age” for approxim ately i  hour, 
after addition of tlte dye, I>eforc m atching colours. A typical example of 
a particle size determ ination by the above m ethod is given in ApjK'ndix i.

Mo l e c u l a r  A d s o k it io n  A r e a  fo r  S o d iu m  D o d e c v l  S u lph a t e

U ntil recently, autliors^-'-' have assumed tha t the molecular area of a 
normal paraffin chain soap adsorbed a t a synthetic rubber—w ater in ter­
face ap})roxiniates either to  th a t of a close packed insoluble monolayer 
(21 A )̂ or to  the cross-sectional area of the  molecules in soap micelles 
(28 A^). However, experim ental determ inations of the molecular areas 
of sodium dodecyl sulphate and potassium m yristate adsorbed from 
aqueous solution a t the c.m.c. on to a graphite surface have been obtained 
by Corrin et al,^ the  surface area of the graphite being determ ined by 
nitrogen adsorption. Values of 68-3 A  ̂ for sodium dodecyl sulphate and 
5O A- for potassium m yristate were found. Krom interfacial tension 
m easurem ents at the decane-water interface, Cockbain and McMullen® 
obtain a molecular adst>rption area (at the  c.m.c.) of 49 A  ̂ for sodium 
dodecyl sulphate, as calculated from the Gibbs adsorption equation. By 
comparing soap titra tion  results with electron microscopc data  Willson, 
Miller^and Rowe^ obtain an area of 59 A  ̂for potassium m yristate adsorbed 
on synthetic rubbt'r particles. In the'present work a  molecular adsorption 
area of ()0 A  ̂ has been assumed for sodium dodecyl sulphate, when 
adsorlx'd from a solution a t the c.m.c.

Ca l c u l .\tio n  of  S v f x if ic  S u r fa c e  A r ea  a n d  A v e r a g e  P a r t ic l e
D ia m e t e r

The specific surface area (S), in cm^, of the rubber, i.e. the average 
surface area/c.c of rubber, is obtained from the equation

^ ■ VM * io^« ........................
where m grams of sodium dodecyl sulpliate adsorbed by V cc. of

rubber.
M - nKjlccular weight of sodium dodecyl sulphate
X Avogadro's number
<7 molecular adsorption area of sodium dodecyl sulphate in A'̂ .

«
'I'he area S may 'be expressed in term s of the volumc-surface average 

diam eter (d,,K) of the particles, where d,.« is the ratio  of tiie cube of the 
volume average diam eter to  the s<iuare of the surface average diam eter

Thus,



.  r  6  ,
Hence, S ^  ~

where n =  to tal num ber of particles
V =  to ta l volume of particles
A =  total surface area of particles
dv — volume average diam eter 
da ^  surface average diam eter 
dvs — volume-surface average diam eter

R e s u l t s  a n d  D iscu ssio n  

Table i  gives the average specific surface area and the volume-surface 
average diam eter of the following latices, all of which were preserv'ed witli 
ammonia.

Centrifuged concentrate A (DRC (k) per cent.)
B (DRC 60 per cent.)

Latex 2 purified by creaming
Centrifuged concentrate (DRC 6 1 7  per cent.) iRiibtai'”" 

5. Electrodecanted concentrate (DRC 6o-6 per cent.) / 1; ^ “'
0. Field latex (DRC 40-5 per cent.)
7. „ „ , clone G .i (DRC 33*0 per cent.)
8. „ ,, , clone PB-84 (DRC 29 per cent.) *
9. Centrifuge skim (total solids — 8 7  per cent.) concentrated 

by creaming.

1'a b l e  I
P a r t ic l e  S iz e  D a t a  f o r  A m m o n ia  I^r k s e r v e d  L a t ic e s

Latex I.
„ 2.
- 3-
>K 4-

D etergent adsorbed Specitic Surface
Volum e-surface 

average diam eter
per c.c. rubber Area(8) (d̂ »J) in microns

(mg.) (cnV̂ )
1 6*6 8*3 X lô 072
2 9'5 i j *9 X 10* 0-51
3 8-9 i i - i  X 10* 0*54
4 6-4 8-0 X 10* 075
5 i i ' j 13*9 X ia« 0-43
0 i 5'0 i8-y X 10' 0'i2
7 l O'2 X 10’ 0*40
8 i6'i 0̂*4 X 10̂ 0-.29
9 41-2 52 X 10* 0.12

Latices 1 and 2 were two different commercial sariiples. Latex 3 was 
prepared by crcaming latex 2 with polyvinyl alcohol solution (sufficient to 
give a clear serum) so tliat tlie original serum components were diluted 17 
times. The results with latices 2 and 3 agree sufficiently well to show tliat 
hirge ^•ariations in the concentration of natural serum components do not 
affect appreciably tiie accuracy of the metliod. Samples 4 and 5 were 
kindly provided by the Dunlop R ubber Company L td .; these two latices 
were prepared from the same field latex, but were concentrated by 
dilferent processes, as described above. Latex 6 was of unknown origin 
hut corresponds fairly closely in average particle size to the Ph.84latex. 
The (ilenshiel i  latex is of relatively large particle size. In general, the



particle sizes are in tlie sc(]iience wliich would Ix' e.\j>ected from the 
metliods of treating the original field latices, and it seems safe to conclude 
th a t this m ethod gives reliable relative surfaces areas.

The most direct test of the \-alidity of the m ethod in an absolute sejise 
involves comparison of the results with particle sizes determ ined directly 
by means of an electron microscope. Prelim inary measurements of this 
kind, for which we are indebted to Dr. Cosslett, of the Physics Dept., 
Cambridge University, were made on latex 7. Our analysis of his electron 
micrographs indicates that the true specific surface area for this latex is 
probably slightly less than the value of S given in Table i. F urther 
comparisons with electron microscope data  are required, however, before 
a ttem pting to assess the absolute accuracy of the soap titra tion  method.

This work forms part of the research programme undertaken by tlie 
I-Joard of the British Rubber Producers’ Researcli Association. Thanks 
are due to Mr. P. E. Turner for assistance in the exj>erimental work.

A p p k m u x  I . D k t iv k m in a t io n  oi- S p e c i f i c  S u k f .u e  A u i:a (s ) o f  
C k n t k i f l ’ g k d  L:\t e x  ( D R C  Oo -o  p e k  c e n t .)

Four samples of the latex (of density 0-95), each weighing 20-0 gm., 
were taken and to each sample was added with mechanical stirring a 
different volume of a 2*0 per cent, solution (w/v) of pure sodium dodecyl 
sulphate,* viz. («) 3-0 ml., (6) 5-0 ml., (c) 7-0 ml., {d) 9-0 ml. To each 
sam])le was then added 25*0 ml. of 4 per cent, polyvinyl alcohol solution 
followed by 9-5 ml. of 5 per cent, acetic acid; the la tte r was added slowly 
with efficient stirring. The volume of each sample was finally made up to 
()5*o ml. with distilled water, the volume of the 20*0 gm. of latex being 
known from an approxim ate density determ ination. The pH of samples 
(a) and {d) was checked with a glass electrode to C(mfimi th a t the pH was 
6 * 0  i  0'2‘ The samples were allowed to  cream for 24 hours in sei)arating 
funnels.

To 5.0 ml. of the clear sennn from each sample, 0-3 ml of a 0-005 
cent, solution of pinacyanol bromide in water was added and the 4 samples 
were then allowed to  stand for i  hour. Tlie change in colour from \’iolet 
to ])lue occurred between samples (6) and (c).

Another series of mixtures was therefore prepared, exactly as abt)\ e, 
containing (/) 5.0 ml., {g) 5.4 ml., {h) 5.8 ml., {1) O.2 ml., {j) (y(j ml., and 
(/?) 7-0 ml. of 2-0 per cent, sodium dodecyl sulphate solution. A “ blank” 
sample (i) was also prepared, containing 40 gm. latex, 50 ml. of 4 per cent, 
polyvinyl alcohol solution and 40 ml. distilled water. All samples were 
allowed to  cream for 24 hours (the volume of the polyvinyl alcohol 
solution in sample (i) can be increased at the expense of the distilled 
w ater if it is evident th a t an almost clear serum is not being obtained).

To 5*0 ml. portions of the almost clear serum from the blank experi­
m ent, o-o6, o*o8, 0*10, 0-12, 0 'i4  and o-i6 ml. of 2-0 per cent, sodium 
dodecyl sulphate solution were added. The pH of each was then reduced

•It is suggesti:d that the folkming criteria of purity wcniUl be suitable: Moisture
less than i per cent., inorganic matter less than 1 per cent.; in addition, the critical 
niiccilar concentration of the detergent in distilled water, a.s determined by the 
pinacvanol bromide (or chloride) nu'thfKl, should be between 0-15 ])er cent, and 0-21 
per cent.



lo ()•() i  0-2 by addition of ca. o-2 ml. of 25 per cc'iit. acctic acid, folhmcd 
by the addition of ml. of a 0*005 per ccnt. solution of pinacyanol 
bromide (inore repnHlucible results arc ()i)tained if the dye sohition is 
frcsiiiy prepared, i.e. not more than  abovit 24 hours old). At tlic same 
time, so far as ])ractical)le, 5*0 ml. ali(juots of the clear serum from each 
of the samples (/) to {k) were taken and 0-3 ml. of the same pinacyanol 
bromide solution were added. All alifjuots were then allowed to  .stand 
1 hour.

The m aximum colour eliange in the ali(piots from tlie blank experiment 
(i) occurred Ix'twcen o-io and 0-14 ml. of the added dodecyl sulphate 
solution.

critical micellar concentration of the dodecyl sulphate in the

acidified scrum of sample (r) - -  x  2-0 [>er cent. - 0-04 |ht cent.

'J'lie corre.spondin^^ colour clian^T in tlie aliquots frr)m siimples (/)  to (k) 
occurrcxl in sample {g). The titra tion  end-point was tlierefore taken as 
5-4 ml. of 2-0 per cent, sodium dodecyl sulphate.

( 'alculatioaN of Si'EciFic Si'RFACi-: Akica (S)
In all experiments, the density of the nd)ber particles is taken as 0-91,

12*0
Hence, 20-0 gm. latex (Oo-o per cent. DR(') contain -—- — 13-2 cc. rubber

Composition of sample (̂ ') -  13-2 cc. rubl)ef (v) -!- (()5-o - 13-2) cc. of
acjueous phase.

2 ‘0W't. of sodium dodecyl sul]>hate added a t titratit>n end-point ^  X 5'4
of which X 51*8 gm.  ̂ 0-021 gm. remain in the aqueous 

phase.
wt of dodecyl sulphate adsorbed (m) -■= o*io»S — 0-021

—. 0-087 gm.
Thus, if M molecular weight (288) of sodium dodecyl sid]:)hatc, N -- 
A\'ogadro's num ber and a molecular adsorption area of the detergent, 
assumed to be ()oA ,̂ the surface area S per cc. of rubber is given b y :—,

„ __ m Nct ^ 0-087 X 6*o0 X io-“  X Oo
MV 10’® ~  13-2 X 288 X 10 '̂' ~

rr-. 8-3 X 10'* cm-
4
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