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the t r imethyl  hydrogenated-cycl ic -a lkyl  anmmnium 
iodide, are shown in Table I I I .  Solubili ty data on 
these materials  are found in Table IV. ] 'he high 
solubility of the simple amides disappears  with the 
substi tution of the ethanol groups for hydrogen on 
the amide nitrogen in the diethanolamides. The di- 
ethanolamides of coconut acid exhibit superior  solu- 
bility, p robably  reflecting their  lower average mol wt. 

Conclusions 
Amides p repared  f rom hydrogenated cyclic acids 

possess unusual ly  low rap, high solubility, and good 
compatibi l i ty  with synthetic res ins ,  which suggest 
their  ut i l i ty  as mutua l  solvents for waxes and resins. 
Nitriles of hydrogenated cyclic acids and monomer 
acids, as well as the nmrpholides of the two acid 
mixtures,  are compatible with polyvinyl  chloride- 
vinyl  acetate eopolymer and may  have potential  as 
plastieizers. 

The amine of hydrogenated cyclic acids and its 
N,N-dimethyl  derivative provide amines of high tool 
wt and of extremely low fp.  
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The surface-active materials  appear  on the whole 
to be similar to other fat-derived substances. 
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Reactions Between Zinc Chloride and Surfactant Solutions 1 
ROBERT D. VOLD and HAKAM SINGH, 2 Department of Chemistry, 
University of Southern California, Los Angeles, California 

Abstract 
Format ion  of precipi tates or soluble complexes 

between solutions of zinc chloride and  surfac tants  
was investigated by means of p H  and conductiv- 
i ty  t i trations. Precipi tates  were characterized by 
chemical analysis and X- ray  diffraction. 

Tri ton X-102 and zinc chloride appear  not to 
react. Sodium dodecyl sulfate likewise appears  
non-reactive, but  on addit ion of alkali a basic 
salt is formed at a p H  between 7.9 and 8.5 which, 
however, does not precipi tate  if the concentration 
of sodium dodecyl sulfate is above the critical mi- 
celle concentration. The precipi tate  has a marked 
destabilizing action on o i l - in -wate r  emulsions. 
Wi th  the sodium salt of Empol  1022 the normal  
zinc salt precipi tates  on addition of the stoichio- 
metric amount  of zinc chloride. 

Tamol 731 is neutral ized in two steps by hydro-  
ehloric acid, the p H  at the two endpoints being 
7.0 and 3.3. I t  appa ren t ly  forms a soluble com- 
plex with zinc ion which is not precipi tated even 
in alkaline solutions. 

Introduction 

T 
H E  M A J O R  PRACTICAL PROBLEM t o  which the pres- 
ent work should have applicat ion is that  addition 

of zinc oxide to bodied linseed oil enmlsions raises 
serious stabil i ty problems. In  order to provide back- 
ground information for  the solution of this problem 
it was considered impor tan t  to s tudy the types of 
interaction which might  occur between zinc oxide or 
zinc ion and a var ie ty  of sur fae tants  of types found 
in emulsion paints. 

Reaction between residual f a t ty  acids and zinc 
oxide ean lead to format ion  of zinc soaps which are 
stabilizers for W-O emulsions and would consequently 
have an adverse effect on the original O-W dispersion. 

1 Presented  at the A O C S  meet ing in Chicago, Illinois, 1961. 
e P e r m a n e n t  address :  D e p a r t m e n t  of Chemistry,  Delhi Univers i ty ,  

Delhi, India.  

Zinc oxide itself, depending ou its method of prep- 
arat ion and incorporation,  may  stabilize either O-W 
or W-O emulsions (1). Loss of stabilizer by adsorp- 
tion on the metal  oxide may reduce the concentration 
in solution to so h)w a value that  instabil i ty results. 
The same effect could also result if the surfac tant  
reacted chemically with the metal  oxide, or if zinc 
ion furnished by solubility of zinc oxide either pre- 
cipitates the stabilizer or reduces its concentration 
by forlnation of a soluble complex. Any  or all of 
these processes may  be the explanation for  the com- 
nlon observation that  larger  quantit ies of surfaetants  
are required to fo rm stable linseed oil emulsions when 
driers or pignlents are present  than in their  absence. 
Consequently this work was under taken to explore 
the possible effects of zinc ion in O-W elnulsions con- 
ta ining a number  of conlmon stabilizing agents. 

Materials and Apparatus 
All inorganic ehenlicals used were Baker  and k d -  

anlson, reagent  grade. S tandard  solutions of zinc 
chloride were prepared  by adding a very slight excess 
of the acid to a known wt of zinc oxide dried at 110C. 

Pure  sodium dodecyl sulfate (SDS) was used as 
a stabilizing agent, either the same sample prepared  
by Phansa lkar  (2) or a slightly less pure  prepara-  
tion by H. M. Pr incen fronl Colubined lauryl  alcohol 
fract ions of mp 23.40 and 23.71C. The two prepara-  
tions of SDS gave identical X- ray  diffraction pat- 
terns, and were freshly extracted with ether before 
u s e .  

Other surfae tants  were used direct ly as received 
without fu r the r  purificatio1L Tri ton X-102 3 and 
Tamol 731-25% 4 were supplied by the Rohm and 
Haas  Co. 

a Triton X-102 is an alkyI aryl polyether in which the polyoxyethyl- 
ene chain has a length of twelve to thirteen carbon atoms. 

In  this paper  per  cent  Tamol  is in terms of a 100% product and 
not  in terms of the 25% solution as which it is supplied.  Tamol  is 
described as being the sodium salt of a earboxylated polyelectrolyte. 
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Sodiuln dimerate is the sodium salt of Empol  1022 
whieh is repor tedly  (3) a mixture  of 3% monomer, 
26% tr imer,  and 71% dimer of unsa tura ted  acids 
of 18 earbon chain length. Ti trat ion with 0.3 N 
sodium hydroxide (4) gave an equivalent weight 
of 296, leading to a calculated tool wt of 659, assum- 
ing MW = Eq. Wt.  • (1 • 0.03 + 2 • 0.71 + 3 ;4 
0.26). The sodium salt was prepared  by adding the 
stoiehiouletrie amt  of 1.0 N sodium hydroxide to a 
weighed amt of the acid, and heating at 100C for 
about 2 hr. 3/f/20 solutions so prepared  had a p H  of 
9.5 to 11.0 depending on the detailed procedure fol- 
lowed in their  preparat ion.  

A Model G Beckman p H  meter  with either No. 
290 or No. 40498 glass electrode was used for deter- 
minat ion of pH.  Bottle t i t ra t ions were made at room 
temp on solutions made up to const volume (gener- 
ally 15 ml) with a fixed volume of t i t ran t  (general ly 
10 ml) and vary ing  volumes of water  and t i t ra t ing  
agent, equil ibrated 24 hr or longer before determi- 
nation of pH.  Continuous t i t rat ions were made at 
25.6C in a specially constructed t i t rat ion vessel about 
11 cm high permi t t ing  introduction of either a glass 
electrode or a conductivi ty cell. S t i r r ing  and exclu- 
sion of oxygen and carbon dioxide were both aceom- 
plished by  bubbling a s t ream of purified nitrogen 
through the solution, s topping it momentar i ly  when 
readings were taken, and making fu r the r  addition of 
titrati~rg solution only af ter  two successive readings 
were identical. Ti t ra t ion samples were usually 30 ml. 

Most conduct ivi ty measurements  were made with 
a Leeds and Nor th rup  audio oscillator, certified re- 
sistance box, and a s tudent  type Kohlrauseh bridge, 
al though a few were made with a Jones conductivi ty 
bridge. 

X- r ay  diffraction pa t te rns  were obtained with a 
North  American Phil ips X- ray  spectrometer  coupled 
to a Brown Elektronie recorder. Values of the Bragg  
spaeings were appropr ia te ly  corrected for recorder 
lag. 

Results and Discussion 
Triton X-102. Conduct ivi ty  and p H  measurements  

were made on M/80 zinc chloride solutions equili- 
bra ted with M/20 Tri ton solutions (calculated f rom 
the wt on the basis of 100% pur i ty  and an assunled 
tool wt of 756), and water  over a range of concentra- 
tion up to a molar  ratio of Tr i ton  to zinc of two to 
one. Both the p H  and conductivi ty of the zinc chlo- 
ride solution remained eonstant regardless of whether  
it was diluted with water  or with Tri ton solution. 
Hence it appears  that  zinc chloride does not form 
complexes or otherwise react with Tr i ton X-102 at 
these dilutions over this coneentration range. 

Eodium Dodecgl S~tlfate. Conduct ivi ty  and p H  
measurements  were made on 10 ml of M/120 zinc 
chloride solutions equil ibrated with 5 ml of solution 
vary ing  f rom pure  water  to M/20 SDS solution. The 
p H  of all the mixed solutions was 3.14, suggesting 
that  there is no specific reaction between zinc ions 
and dodecyl sulfate ions. The specific conductivi ty 
increased l inear ly with increasing concentration of 
SDS in the zinc chloride solution but  at a slightly 
slower rate  than  on addition of SDS to water  alone. 
Such l ineari ty of behavior would not be expected if 
soluble complexes were formed between zinc ions and 
dodecyl sulfate ions. The lower rate  of increase in tlle 
zinc chloride solution is likely to be due to differences 
in the viscosity and ionic s t rength of the two solu- 
tions (5) ra ther  than to any  tendency toward spe- 
cific complex formation.  

T A B L E  I 
I n i t i a l  C o m p o s i t i o n  of  S D S - Z n C I e - H C 1  S y s t e m s  T i t r a t e d  w i t h  N a O t t  

] SDS i ttCI + ZnCle Water 
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a S y s t e m  I V  c o n t a i n e d  no  S D S  b u t  i n s t e a d  2 5  ml  of  0 . 0 2 0 0  NI NaC1.  

To s tudy the effect of alkali in this system p H  
t i t ra t ions were carried out by the continuous tech- 
nique on solutions of zinc chloride and hydrochloric 
acid, with and without SDS, using 0.00520 M sodium 
hydroxide for  t i t rat ions above the critical micelle 
concentration (eme) of SDS, and 0.00101 N below 
the cme. The compositions of the systems used are 
given in Table I, and the results of the t i t rat ions are 
shown in Figures  1 and 2. 

When alkali is added to these systems either zinc 
hydroxide or a basic zinc dodeeyl sulfate may pre- 
cipitate, but  if the concentration of SDS is above the 
emc the precipi tate  may  be solubilized or peptized. 
The results repor ted in Figures  1 and 2 show that  in 
the absence of SDS zinc hydroxide precipitates as 
expected. Below the cnle of SDS addition of NaOH 
results in the appearance  of a precipitate,  which is 
later  shown to be a basic zinc dodeeyl sulfate, but 
above the emc no precipi tat ion is observed although 
reaction still occurs to fo rm the basic salt. 

Thus, zinc chloride + h y d r o e h l o r i e  acid on addition 
of sodium hydroxide forms a visible precipi tate  of 
zinc hydroxide at a p H  between 7 and 8 (Curve I I [  
of Fig. 1), the p H  not rising to 8.6 until  sufficient 
sodium hydroxide has been added to precipi tate  all 
the zinc. A similar result  is obtained at a lower zinc 
concentration ( I I I '  of Fig. 2), al though here pre- 
cipitation does not begin unti l  a p H  of about 7.5, 
the bulk occurring at around 8.2, and being com- 
pleted about a p H  of 8.4 to 8.5 af ter  addition of 
20 to 21 ml of alkali. When SDS is present above 

7 j /  
6 t  observed 

i ' 

5 

o ~ 2 ~ 4 5 6 7 8 9 ,b ~'~ ~) ~; ,'4 ,; ,'6,? ,'~ ,;2o 
MI of NoOH added 

FIG. 1. T i t ra t i on  curves of  zinc chloride and sodium dodeey] 
sulfate above the critical micelle concentrat ion of sodium 
hydroxide. 

I .  25 ml 0.02 5[ SDS plus 5 ml 0.010:t 5[ HC] with 0.0052 
5[ NaOH.  

I I .  25 ml 0.02 5[ SDS plus 5 ml mixed solution (0.0104 5[ 
HCI and 0.005 M ZnCI~) with 0.0052 5[ NaOK.  

I I I .  25 ml water  plus 5 ml mixed solution (0.0104 ~[ tICI 
and 9.005 5[ ZnCI=) with 0.0052 hi NaOK.  
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50 I t I t t t 
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MI. of Na0H added 
Fro. 2. Ti t ra t ion curves of zinc chloride and sodium dodecyl 

sulfate below the critical micelle concentration with sodium 
hydroxide. 

I. 25 ml 0.004: M SDS plus 5 ml 0.0021 M HC1 with 
0.00104 3i NaOH. 

I I .  25 ml 0.004 l~[ SDS plus 5 ml mixed solution (0.0021 
3/[ HC1 and 0.001 3s ZnCI2) with 0.00104 5{ NaOH. 

I I I .  25 ml. water plus 5 ml mixed solution (0.0021 M HC1 
and 0.001 ~ ZnC12) with 0.00104 M NaOH. 

the cme (Curve I I  of Fig. 1), the p H  rises well above 
that  at which zinc hydroxide precipitates (about  7) 
with no indication of reaction. Not unti l  a p H  
around 7.5 is reached does the curve flatten, indica- 
tive of consumption of alkali in the format ion of an 
alkali-containing salt, but  no visible precipi tat ion is 
observed. 

That  the non-appearance of a precipi tate  is caused 
by reduction of zinc ion concentration due to com- 
plexing with SDS is ruled out by the p H  and con- 
duct ivi ty  results on SDS-zinc ion solutions reported 
above. That  it is not due to increase of the solu- 
bili ty of zinc hydroxide because of the increased 
ionie s trength due to the presence of the 0.02 M SDS 
was shown by subst i tut ing sodium chloride for  SDS. 
When this was done the resul tant  curve was vi r tual ly  
indistinguishable f rom that  of zinc chloride + hydro- 
chlorie acid ( I I I  of Fig. 1) except for a slightly 
sharper  endpoint,  with visible precipi tat ion evident 
between p H  7 and 8.5. Hence the non-occurrence of 
precipi tat ion in the presence of SDS above the cme 
nmst  be due to peptizat ion or solubilization of the 
precipi tate  by  the SDS micelles. 

This explanation was confirmed by the observation 
that  if SDS was present  below the cme addition of 
sodium hydroxide to zinc chloride + hydrchloric acid 
did result  in format ion of a precipi tate  with con- 
sumption of alkali at a p H  around 7.9 (Curve I I '  of 
Fig. 2). In  the par t icular  system studied the con- 
centrat ion of SDS at the endpoint  is 0.0025 M while 
the cmc in water  is at 0.0081 M (6).  Even in the 
zinc chloride solution the concentration of SDS is 
still well below the cme since in this case zinc chloride 
is 0.000125 M and sodium chloride 0.00026 M, while 
Shinoda (7) found that  0.05 M sodium chloride or 
0.005 M zinc chloride was necessary to decrease the 
cmc of SDS to about 0.0024 M. That  precipi tat ion in 
this case occurs at a lower p H  (7.9) in the presence 

of SDS (Curve ill' of Fig. 2) than with the same con- 
centrat ion of zinc alone (at  a p H  of 8.2, Curve I I I '  
of Fig. 2) shows that  the precipi tate  when SDS is 
present is not s imply zinc hydroxide,  but is probably  
a basic zinc salt of the dodeeyl sulfate. 

The buffer region corresponding to precipi tat ion 
of basic dodeeyl sulfate salt lies below the p H  at 
which zinc hydroxide precipitates when the concen- 
t ra t ion of SDS is below the emc (Fig. 2), and above 
it. when SDS is above the cme (Fig.  1). Hence, above 
the cmc of SDS, zinc ions must  have been solubilized 
or made unavailable by the micelles pr ior  to forma- 
tion of the basic salt at a higher pH,  format ion of a 
soluble complex ion with simple dodecyl sulfate ion 
being excluded by the consideration that  below the 
cmc zinc hydroxide precipi tated even though the 
dodecyl sulfate ion was present. 

Nature of the Precipitate in Sodium Dodecyl Sul- 
fate Systems. The nature  of the precipi tate  result- 
ing f rom addition of sodium hydroxide to solutions 
of zinc chloride, hydrochloric acid, and SDS was 
studied by X- ray  diffraction as well as by direct 
chemical analysis. Both methods suggest that  it is 
a basic zinc dodecyl sulfate  of probable empirical  
formula  Zna (Ot t )  ~ (DS) .  

F igure  3 shows the X- ray  diffraction pat terns  of 
SDS, zinc dodecyl sulfate, and three precipi tates ob- 
tained by adding sodium hydroxide to solutions of 
zinc chloride, hydrochloric acid and SDS. l~recipi- 
tate I was formed below the cmc (Curve I [ '  of Fig. 
2), precipi tate  I I  f rom a very concentrated solution 
(10 g SDS, 25 nil alcohol, 18 ml water) ,  and pre- 
cipitate I I I  by solution of I [  and reprecipi ta t ioa  
under  the same conditions as I. In  addition, diffrac- 
tion pa t te rns  were deternfiued for zinc oxide and 
for the solid separated f rom a sol p repared  by neu- 
tralizing zinc ni t ra te  solution with ammonia.  Both 
these pat terns  agreed conlpletely with the ASTM pat-  
tern for zinc oxide, showing that  al though zinc hy- 
droxide may  be the precipi ta t ing species in this case 
the resul tant  suspended solid is zinc oxide (8). Zinc 
dodeeyl sulfate was p repared  by the method of Lot- 
termoser and Fiischel (9) since its solubility pre- 
vented prepara t ion  by the precipitat ion method (10). 
Not only was it soluble in the alcohol-water solution 
mentioned above but also in water  solution alone, 
even af ter  dilution to 2 liters. 

I t  is evident that  none of the precipitates f rom the 

d/n .~ 
15.60 9.02 4 4 7  2 8 4  24.9 192 

s ~ SD 

t~ I~ /~ I Ppt. I1;obtained on adding NaOH to Conc SDS 
i l }l I./ I ] and ZnCI-~ 

I I below the cmc of SDS 

5 ~0 20  50  4 0  5 0  

Scal termg ang le ,  2 8 

FIe. 3. Diffraction pat terns  of sodium dodecyl sulfate, zinc 
dodecyl sulfate, and alkaline precipitates. 
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SDS systems gave diffraction pat terns  indicating the 
presence of detectable amounts of sodium or zinc 
dodecyl sulfate, nor do they at all resemble that  of 
zinc oxide. None of the pa t te rns  f rom the precipi- 
tates are identical, al though all have a long spacing 
indicative of the inclusion of a dodecyl sulfate resi- 
due in the precipi tated solid. The non-identi ty of the 
three diffraction pa t te rns  might be due to vary ing  
ratios of zinc, hydroxyl ,  and dodecyl sulfate depend- 
ent on the precipi tat ion conditions, al though if this 
were the case precipi tates I and I I I  would be ex- 
pected to be identical. I t  seems more likely that  
polymorphism, vary ing  hydrat ion,  and possible trace 
impuri t ies  are responsible for the observed varia-  
tions in the diffraction pa t te rns  (11). 

Analysis  of the precipi tates  for zinc could not be 
carried out by the usual ferrocyanide t i t ra t ion (12) 
since the diphenylamine sulfonate indicator did not 
work in the presence of SDS. Consequently, the 
method used was that  of Lot termoser  and Fiischel 
(9),  involving hydrolysis  of the precipitate,  followed 
by gravimetr ic  determinat ion of sulfate as bar ium 
sulfate, and ferrocyanide t i t ra t ion of the zinc af ter  
removal  of sulfate. Hydroxy l  was determined by 
difference. Treated  in this way the empirical  com- 
position of precipi tate  I could be represented as 

Zna (OH),5 ( D S ) .  2H20 

and that  of I I  as Zn3(OH)5(DS) ,  duplicate analyses 
agreeing within 1%. 

Effect of Basic Zinc Dodecyl Sulfate on Emulsion 
Stability. Since the basic salt forms at a lower p H  
than zinc hydroxide itself, it seems likely that  addi- 
tion of zinc oxide to a system containing SDS would 
result  in metathesis of the zinc oxide on the surface 
to form a precipi tate  of composition similar to that  
found above. Such a precipi tate  might  well promote 
the format ion of W - 0  emulsions thus tending to 
destabilize an existing 0 - W  emulsion. Moreover, loss 
of the soluble emulsifier (SDS)  due to format ion of 
this precipi tate  would also have a destabilizing effect. 

That  basic zinc dodecyl sulfate does indeed have a 
deleterious effect on the stabil i ty of both Nujol  and 
M 37 oil 5 emulsions is shown by  the following results. 
At tempts  to prepare  50 volume percent oil-water 
emulsions with 1% of the basic salt by first s t i r r ing 
at 5000 r.p.m, with a Brookfield Counter-rota t ing 
(BCR) mixer  and then passing six times through a 
Cenco H a n d  Homogenizer  were total ly unsuccessful 
even though with zinc oxide itself some emulsification 
to fomn very  unstable, ve ry  dilute O-W emulsion was 
observed. Even more significant is the effect of in- 
corporat ing the basic salt (precipitates I and I I )  
into O-W emulsions stabilized with SDS. In  these 
experiments  emulsions of Nujol  and M 37 oil in 
water  were p repared  by  s t i r r ing 25 ml of oil with 
75 ml of 1% SDS solution at 5000 r.p.m, with the 
BCR mixer (10 rain for  Nujol ;  30 for M 37 oil), 
followed by  passing each five times through the 
Cenco H a n d  Homogenizer.  Duplicate  30 ml samples 
of each were then taken and st irred for five rain at 
5000 r.p.m, with the BCR mixer, one with and one 
without 0.13 g of the basic zinc dodecyl sulfate 
precipitate.  The foam collapsed completely within 
ten rain in both enmlsions containing the precipi tate  
whereas it remained unchanged in the control sam- 
ples. Af te r  a few days both emulsions containing pre- 
cipitate had separated appreciable quantit ies of free 

5]y[ 37 oil is a heat-bodied linseed oil widely used in the eoatin~ 
iadustry. 

M[. of Dlrnerefe Added 

5 IO L5 2 0  2 5  3 0  5 5  4 0  4 5  5 0  

9 

/' "3 

�9 i -~ 

- 2 5  = 

5~/" J2z 

F 4 observed 21 

1 3 :  ~ _ _  : k ~ - -  I I I - - J 2 0  
0 2 .4 6 8 10 t2 14 1.6 1.8 2 0  

Moles of Ne-Dimerate/Mole of ZnCI 2 

FIG. 4. Conductometric and pit titration of M/80 zinc chlo- 
ride with M/20 sodium dimerate; I pH titration curve; I I  con- 
duetometric titration curve. 

oil whereas the controls relnained unchanged f rom 
their original appearance.  Hence it seems tha t  forma- 
tion of this basic salt on the surface of zinc oxide 
suspended in SDS solutions is likely to be an impor-  
tan t  factor  contr ibut ing to the instabil i ty of emul- 
sions containing these ingredients. 

Sodium Dimerate. The p H  and conductivi ty were 
determined of solutions of M/20 and M/80 sodium 
dimerate t i t ra ted  with M/80 and M/400 zinc chloride 
solution up to a molar ratio of four moles dimerate 
per  mole of zinc, typical  results being shown in 
F igure  4. The p H  rises rap id ly  at first due to neu- 
tral ization of the slight excess of hydrochloric acid 
in the zinc chloride by the s t rongly alkaline dimerate  
solution, then very  slowly while a precipitate is 
forming, and rap id ly  af ter  the stoiehiometric amt 
of dimerate  has been added at a one to one molar  
ratio of zinc to dimer acid. Thus it seems likely 
that  the precipi ta te  is normal  zinc dimerate  and 
neither zinc hydroxide nor a basic zinc dimerate 
salt. Since precipi tat ion of zinc hydroxide under  
these conditions requires a p H  of 7.2 or higher, and 
this precipitate forms at a p H  of 5.5 to 6, it also 
appears  that  zinc dimerate is less soluble than zinc 
hydroxide. 

The conductivi ty data likewise suggest that  the 
precipitate formed on adding sodimn dimerate to 
zinc chloride solution is the normal  zinc dimerate. 
The specific conductance first drops rap id ly  on ad- 
dition of sodium dimerate because of neutral izat ion 
of the highly conducting hydrochloric acid in the 
zinc chloride solution by  the sodium hydroxide pres- 
ent in the sodium dimerate solution. Thereafter ,  
the conductance increases slowly on addition of fur-  
ther dimerate  over the range where precipi tat ion 
of zinc dimerate occurs, the reaction here being 
ZnCL, + Na2Dm (NaOH)  ---> ZnDm + N a O H  + 2 NaC1. 
When precipi tat ion of zinc dimerate is complete the 
conductance increases at a more rapid  ra te  on addi- 
tion of fu r the r  sodium dimerate.  As in the p H  curve, 
so here, the change of slope occurs exactly at an equi- 
molar ratio of zinc to dimerate.  

These reactions are likely to be involved whenever 
zinc oxide is added to emulsions containing sodimn 
dimerate as one of the stabilizers. Zinc ion furnished 
by the zinc oxide would be sufficient to cause the 
precipi tat ion of zinc dimerate in the solution, as well 
as the format ion of a coating of precipi tated zinc 
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TABLE II 
Data h'om Titration Curves of Tamol with ~ICI 

S y s t e m  M1 at 1st 
�9 endpoint  

20 ml 1.00% Tamole--l.03 N HCI ........................................ I 0.30 
10 ml 1.00% Tamol~--0.515 N I~IC[ ...................................... [ 0.30 
i0 ml 3.133% Tamol d, o--0.1400 N I-ICI ............................... 3.40 
25 ml 0.626% TamoiC--0.193 N IICI .................................... 1.20 

I p H  at 1st M1 at  2 n d  E q  w t  
e n d l ) o i n t  ~ e n d p o i n t  

0 .91  ~ 647  ]~ 7.0 
0 .92  647  ] 7 .25  

10,60 , 658 , 7.0 
3 .60  l 676  i 7.0 

p t I  a t  2 n d  
e n d p o i n t  

3.0 
3.3 
3,5 
3.3 

pK2~ p K t  b 

9.3 4.2 
9 .75  , 4 . 55  

10 .1  i 4 .5  
9.9 I 4 .5  

a. b These values  actual ly are, respectively, the p t I  at the points  of ha l f  neu t ra l iza t ion  between in i t i a l  Tamol  and tile first endpoin t  and between 
the first and second endpoints .  I f  Tamol  could be treated as a monomerie  diprot ic  weak acid analogous  to I-t~C03 these wdues would then correspond 
approximate ly  to the first  and second acid dissociat ion constants.  

T i t r a t ions  made by the cont inuous  tectmique.  
d T i t r a t ions  made by the bottle technique.  
e Fo r  purposes  of molecular  comparisons which become of in teres t  in  connection wi th  possible react ions with zinc chloride it should he noted 

tha t  a 3.133 wt % solut ion of Tanlol  is 0.0477 N if the equiva lent  wt is taken as 657 fronl the first endpoint  in the t i t r a t ion  curve. 

dimerate on the surface of the zinc oxide particles. 
This la t ter  might  be adherent  and stop the reaction, 
or it might  continue to slough off, with resultant  
format ion of more zinc dimerate  unti l  all the sodium 
dimerate was exhausted. Here  again, then, as in the 
SDS ease, zinc oxide may  have a destabilizing effect 
on the pract ical  oil-in-water emulsion system by re- 
moving one of the stabilizing agents through precipi- 
tation, and by  forming a finely divided solid which 
presumpt ive ly  would promote format ion  of a water- 
in-oil emulsion. 

Tamol 731-25%. In  order to unders tand the reac- 
tions of Tamol with zinc ion, i t  was first necessary to 
car ry  out a number  of experiments  on Tamol itself. 
As is shown by curves I and I I  of F igure  5, there 
are two distinct endpoints in the t i t ra t ion curve 
with hydrochloric acid, with changes of slope in the 
conductivi ty curve at corresponding concentrations. 
Both endpoints appea r  to be due to acidic groups 
const i tut ing an integral  par t  of the polymer molecule 

turbidity 
,observed 

precipitot ion 
observed 

] r  I I l l t i i 
(3 2 4 6 8 I0 12 14 
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Fie. 5. Conduetometrie and pH t i trat ion of 3.133% Tamol 
with 0.140 5I hydrochloric acid. 

I. p i t  t i t rat ion curve. 
II .  Conduetometrie t i t rat ion curve. 

I I I .  p i t  t i t rat ion of product prepared by neutralizing pre- 
cipitated Tamol acid to a phenolphthalein endpoint 
with sodium hydroxide and adding sodium carbonate in 
amt equivalent to the acid required for the first end- 
point on curve I. 

ra ther  than to alkaline impuri t ies  in the commercial 
preparat ion.  

Characterizing data f rom the various t i t rat ion 
curves are assembled in Table I i .  The first endpoint 
occurs at a p H  of 7.0 and is accompanied by develop- 
ment of a slight tu rb id i ty  ill the solution while defi- 
nite precipitat ion occurs at the sceond endpoint at a 
p H  of about 3.2. I f  Tarrlol were a pure  sodium poly- 
acrylate  there should be but  a single endpoint in the 
curve despite the fact  tha t  the apparen t  dissociation 
constant of the acid deereases progressively with the 
degree of neutralization, because of cooperative effects 
arising f rom the close proximi ty  of so many  charged 
groups on the same chain (13). The p H  of poly- 
acrylic acid (13) appears  to be slightly less than  3 
in reasonable accord with the p H  at the second end- 
point in the present  t i t ra t ion of Tamol with hydro-  
ehloric acid. The rapid  increase i l l  conductivi ty af ter  
the second endpoint is also consistent with the con- 
cept that the second cndpoint corresponds to complete 
neutralization of the sodium carboxylate groups of a 
sodium polyacrylate.  

The first endpoint at a p ] I  of 7 can not be at tr ibu- 
ted to the presence of either sodimn hydroxide or 
sodium carbonate as impuri t ies  in the sample. The 
initial concentration of hydrox3q ion, calculated f rom 
thc amt of acid required to reach the first endpoint, 
would correspond to an initial p H  of 12.0 whereas the 
actual  value is only 10.9. Even more conclusive is 
the fact  that  the conductivi ty increases continuously 
with addit ion of hydrochloric acid whereas it would 
have to fall  at tbe beginning if the reaction were one 
of neutralization of hydroehhlric m'id by sodium 
hydroxide.  

The observed p H  of 7 at the first cndpoint is too 
low to correspond to format ion of bicarbonate and 
too high for neutral izat ion to carbon dioxide. More- 
over. if it were taken as the bicarbonate endpoint  
another  endpoint corresponding to format ion of car- 
bon dioxide would be expected af ter  addition of 
6.80 ml of acid while if it were assmned to be the 
carbon dioxide endpoint  then another  cndpoint due 
to carbonate would be expected at half  the volume, 
i.e., 1.70 ml. In  nei ther  ease is there any  indication 
exper imental ly  of an endpoint at these volmnes. 

Curve I I I  of F igure  5 shows that  had sodimn 
carbonate acutal ly been present in the sample the 
expected endpoints wouhl have been found on the 
t i t rat ion curve. Here  free Tamol acid was prepared  
by acidification of Tamol. filtration, and washing 
free of any  low reel wt salts or contaminants.  The 
precipi tated acid was then neutralized with sodium 
hydroxide to the phenolphthalein endpoint (Curve  
[ of Fig. 6), and then just  that  amount  of sodium 
carbonate added equivalent to the acid consumption 
of the original Tamol sample to the first endpoint. 
When this sample was t i t ra ted  with hydrochloric 
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acid (Curve I I I  of Fig. 5) it showed three distinct 
endpoints (marked by strokes on the graph),  the 
first two at the expected positions for the stepwise 
neutralization of sodium carbonate, and the last coin- 
ciding with the second endpoint found for the origi- 
nal sample of Tamol. 

Figure 6 shows the results of a titration of the 
precipitated and washed Tanml acid with sodium hy- 
droxide (Curve I) .  The sharp endpoint in the curve 
at a pH of 8 agrees very well with the calculated 
value for t i tration of a weak acid of dissociation 
constant 10 4.~, the value obtained from the second 
endpoint of the original Tamol ti tration curve (I of 
Fig. 5, pK., of Table I ) .  An additional endpoint 
would not be expected in this t i tration since accord- 
ing to the data of Table l I  the acidic group responsi- 
ble for the first endpoint in the direct t i tration of 
Tamol with acid--assuming it to be a sodium sa l t - -  
has a dissociation constant of only 10 9.s, too weak to 
detect on a direct t i tration with base. However, that  
the Tamol aeid is still reacting with base beyond this 
endpoint is shown by the difference between its titra- 
tion curve (I) and that of a sodimn chloride solution 
of the same ionic strength ( I I  of Fig. 6). In  the 
latter case the pH rises rapidly and abruptly on 
addition of the first few drops of sodium hydroxide 
whereas in the case of the Tamol acid neutralized 
to its first endpoint addition of fur ther  base results 
in a much more gradual increase in pH, proving that 
some of the added base is still reacting with the Tamol. 

Standard  qualitative organic tests for phenolic 
groups and for nitrogen were negative, ruling out the 
possibility that the first endpoint in the initial Tamol 
ti tration eurve is due to neutralization by acid of a 
phenolate or amide group present as a part  of the 
polymer molecule. A test for phosphate (heating first 
with nitric acid and then with ammonium molybdate) 
was also negative. However, this cannot be regarded 
as conclusive since even after addition of a small amt 
of disodium hydrogen phosphate to Tamol no yellow 
color was obtained. Apparently,  Tamol complexes 
with either phosphate or molybdate or both. 

tIenee, if Tamol is essentially a sodimn polyacry- 
late type of polymer free of consequential amounts 
of simple alkaline impurities, it either contains the 
sodium salt of a very weakly acidic material present 
in amt equal to one ha.If the quanti ty of carboxylate 
groups in the polymer chain, or is a copolymer of 
acrylic acid with some other monomer containing an 
aeidie group weaker than carboxyl, or contains two- 
thirds of its sodium carboxylate groups closely spaced 
and one third at greater distances where they act 
more independently of each other, thus giving rise 
to a different effective acid dissociation constant than 
the first group. However, since L. H. Prineen of the 
Northern Regional Laboratory of the Department of 
Agriculture at Peoria, Ill., has evidence suggesting 
that Tamol 731 is the sodium salt of a partial butyl 
ester of polymethylaerylic acid (personal communi- 
cation) its true nature cannot be regarded as fully 
established despite the present work. 

Reactions Between Tamol a~d Zinc Ion. Typical 
results of a series of eonduetometric and pH titra- 
tions of zinc chloride solution with Tamol are shown 
in Figure 7. No visible precipitation occurred even 
in experiments in which Tamol addition was con- 
tinued until  the pH rose to 10, although a faint 
turbidi ty was noticed in some of the solutions. Since 
zinc hydroxide precipitates at a pH  betweeu 7.2 and 
8.0 in the absence of Tamol, the zinc must be tied up 
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FIG. 6. Titration curve of 0.268% precipitated Tamol acid 

with 0.0367 .~[ sodimn hydroxide. 
I. NaOH added to Tamol in bottle titration 

II. NaOH in equivalent amt added to an equal volume of 
sodium chloride solution 

ill a soluble complex with Tamol, or as a solubilized 
precipitate with Tamol, with an equilibrium constant 
smaller than the solubility product of zinc hydroxide. 

The initial rapid rise in pH  and drop in conduc- 
tivity on addition of Tamol may be attributed to 
neutralization of the excess hydrochloric acid in the 
zinc chloride solution by the hydroxide ion resulting 
from hydrolysis of the Tamol. Both pH and conduc- 
tivity then increase very slowly over a range where 
Tamol is bound by the zinc, perhaps by a chelation 
reaction between the zinc and the polymer. Af ter  
this reaction has proceeded to attainment of an equi- 
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430 T H E  J O U R N A L  OF T H E  A M E R I C A N  O I L  C H E M I S T S '  SOCIETY V O L .  3 9  

l ibr ium concentration of the zine-Tamol complex, 
fu r the r  addition of Tamol increases both p H  and 
conductivity fa i r ly  rap id ly  and smoothly except for 
an unexplained change of slope of the conductance 
curve at higher concentrations. That  the " f l a t "  in 
the p H  curve is due to format ion of a soluble com- 
plex ra ther  than to format ion of a precipitate which 
is subsequently solubilized is shown by the fact  that  
precipi tat ion of all the zinc present  would have re- 
quired addition of 5.25 ml of Tamol solution, whereas 
the actual  " f l a t "  ended af ter  addition of 1.50 ml. 
Only 0.0716 meq. of Tamol (1.50 • 0.0313/657) are 
used in forming the soluble complex with 0.25 meq. 
of zinc ion (10.00•  N/40) ,  where normalities in both 
cases are on a uni t  charge basis, al though if Tamol 
is regarded as t r ivalent  the equivalents of Tamol be- 
come very  nearly equal to those of zinc. 

The conclusion that  Tamol and zinc ion form a 
sufficiently s t rong complex to prevent  precipitat ion 
of zinc hydroxide was verified by a direct  test in 
which 0.0600 N sodium hydroxide was added first 
to 25.00 ml of M/200 zinc chloride solution ( p H  3.9), 
and then to another  sample of the same solution to 
which 5.00 ml of 3.133% Tamol solution had been 
added. Where  Tamot was present  the solution was 
kept  overnight and sufficient dilute hydrochloric acid 
added jus t  before the t i t ra t ion with sodium hydrox- 
ide to reduce the p H  to about 5, sufficient to prevent  
precipi tat ion of zinc hydroxide but  high enough to 
prevent  decomposition of the Tamol to the free acid 
form. See F igure  8. 

In  the absence of Tamol the zinc is quant i ta t ively 
precipi tated at  a p H  of 7.2 to 8.0 before adding 
N a O H  results in rapid  increase of pH.  With  only 
0.522% Tamol the p H  rises continuously on added 
sodium hydroxide with no "f lat"  corresponding to 
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IVf NaOH. 

precipi tat ion of zinc hydroxide, nor was any visible 
precipi tat ion observed. Although the rate  of rise is 
somewhat slower between p t t  6.5 and 8.0, it is so 
rapid  throughout  that  it seems unlikely that  insolu- 
ble hydroxide or basic salt can be forming. 

In  contrast  to the preceding behavior, addition of 
sodium hydroxide to a solution of Tamol and zinc 
chloride to which excess hydrochloric acid has been 
added gives a t i t ra t ion curve indicative of formation 
of a precipi tate  with consumption of alkali between 
pH 6.2 and 7.5, probably some basic salt of zinc and 
Tamol. The difference in behavior is most likely due 
to the fact  that  ill the lat ter  case the initial acidity 
of the solution is such that  the Tamol is mostly pre- 
cipitated, and so is not present  in solution at a high 
enough concentration to react with the zinc and pre- 
vent its precipi tat ion by the added hydroxide. Since 
at a p H  of 6 a pure  polyacrylate  would still exist in 
the soluble salt form, this suggests the interesting 
possibility tha t  it may not be the earboxylate groups 
giving an endpoint  at p H  3.3 in the Tamol-hydro- 
chloric acid t i t ra t ion curve which are responsible for 
the complexing power of the molecule for zinc ion 
but the other group which gives an endpoint  at p H  7. 

The fact  that  no precipi tates formed in alkaline 
solutions containing Tamol indicates that  the zinc 
ion concentration in equilibrium with the zine-Tamol 
complex is lower than that  in equilibrium with zinc 
hydroxide. Consequently, if equilibrium is estab- 
li'shed in emulsion systems containing Tamol to which 
zinc oxide is added, it would be expected that  zinc 
oxide would dissolve until  al l  the Tamol in the sys- 
tem had reacted with zinc ion, unless the Tamol is 
otherwise adsorbed or colnplexed with some other 
constituent of the system so as not to be free in 
solution. Hence destabilization by  zinc oxide may  
involve removal of stabilizing agent f rom the system 
although here the species formed appears  to be solu- 
ble. I t  is also quite possible that  the complex which 
is formed may  be surface-active and by adsorption 
at the oil-water interface promote format ion of a 
water-in-oil emulsion. 
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