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S INCE Kaufmann's (7) development of the thio- 
cyanogen method for determining the degree of 
unsaturation of fat ty acids and glycerides, the 

technique has found wide use in the analysis of fats 
and oils. The accuracy of the original method has 
been improved by the establishment of empirical 
values for the addition of thiocyanogen to the vari- 
ous unsaturated acids and esters (10). Despite re- 
peated demonstration that the modified method can 
be made to yield accurate results in the analysis of 
pure fat ty acid esters, close agreement has been lack- 
ing between various laboratories in collaborative stud- 
ies (11) of the method as applied to commercial fats. 
Because of this, an extensive investigation (9) of 
methods for determining thiocyanogen values was 
undertaken, in the course of which it became neces- 
sary to examine the various procedures described and 
recommended for the preparation of lead thiocyanate. 

A survey of the literature (1, 2, 3, 6, 7, 8) revealed 
that lead thiocyanate, Pb(SCN)2, has been prepared 
by the double decomposition of a number of different 
lead and thiocyanate salts. However, preparation of 
this salt by what is probably the most efficient com- 
bination of reagents, namely, lead nitrate and am- 
monium thiocyanate, has been entirely neglected. 
Preliminary work indicated that the reaction of lead 
nitrate and ammonium thiocyanate produces a pure 
and relatively stable lead thiocyanate in practically 
theoretical yield. 

In the course of the investigation reported here a 
number of commercial products, laboratory prepara- 
tions, and the lead thiocyanate prepared according to 
the above proposed method were compared with re- 
spect to purity, stability, and capacity to saturate 
double bonds. The comparative data to be presented 
show that the source of lead thiocyanate or its method 
of preparation is of utmost importance in the pro- 
duction of a dependable thiocyanogen reagent. 

The Preparation of a Pure Lead Thiocyanate 
Method. The preparation of lead thiocyanate was 

readily carried out by adding 500 ml. of 1 M lead 
nitrate to 136 ml. of 10 M ammonium thiocyanate. 
Solutions of both reactants (ACS Reagent Grade) 
were filtered and cooled to 5~ before mixing. The 
reaction is exothermic, producing a rise of 5 ~ C. in the 
temperature of the reaction mixture. The solution of 
lead nitrate was added in 50-ml. portions with moder- 
ate stirring which was continued for 30 minutes after 
addition of the last aliquot of the precipitant. A copi- 
ous, heavy, white precipitate settled out. In order to 
free it of nitrates it was washed by decantation with 
distilled water cooled to 5 ~ C. 

The lead thiocyanate precipitate was transferred to 
a Buchner funnel and a rubber dam employed to dry 
it as much as possible on the funnel, after which the 
product was placed in a vacuum desiccator containing 
P20 to remove the last traces of moisture. Six to 
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eight days in the desiccator with the required changes 
of P205 produced a sufficiently dry product for use 
in making the thiocyanogen reagent. The product 
must be protected from sunlight and glare not only 
during its preparation but during storage as well. 
When these precautions are observed, the reagent is 
sufficiently stable to be stored over P20~ for at least 
18 months. 

From the above-mentioned quantities of reagents 
156.8 grams of a pure white lead thiocyanate were 
obtained. This corresponds to a yield of 97%, based 
on the weight of lead nitrate. When larger quanti- 
ties of Pb(SCN)2 were prepared, the product was 
conveniently filtered and washed in a stainless steel 
centrifuge basket lined with a well-fitted strip of No. 
6 cotton duck filter-press cloth. 

The pH of the Reaction. The pH of the reaction 
mixture was found to be practically constant at all 
stages of the reaction, varying between 4.17 near the 
beginning and 4.13 at the end. I t  may be assumed, 
therefore, that the preparation is unaffected by side 
reactions. It is well known that if solutions of rea- 
gents with low pH values are used, surface absorp- 
tion of CO2 is obviated. For that reason, use of 
ammonium thiocyanate is preferable to either sodium 
or potassium thiocyanates. For example, in the case 
of the lead thiocyanate prepared according to the 
A.O.A.C. method (2), the initial pH of the potassium 
thiocyanate solution was 7.68 while the pH of the 
reaction mixture on completion of the precipitation 
was 4.46. As previously indicated, if ammonium thio- 
cyanate is employed, the entire reaction takes place 
at a pH lower than that obtained at the end of the 
A.O.A.C. preparation. 

RecrystaUization of Lead Thiocyanate. As shown 
in Table 1, the analyses indicate that Preparation 
CX s is of the highest purity among the products in- 
vestigated. However, it can be purified even further 
by recrystallization from water. As reported by Hall 
(5), 3.3 parts of lead thiocyanate dissolve in 100 parts 
of boiling water. Accordingly, 100 grams of lead thio- 
cyanate were boiled in 3,000 ml. of distilled water. 
The solution was filtered while hot and allowed to 
cool to room temperature slowly. The crystals were 
collected by filtering and washing with cold distilled 
water, after which the product was dried at room 
temperature and atmospheric pressure. A material 
reduction in the volume of the combined filtrate and 
washings produced another batch of crystals on cool- 
ing. A total of 92 grams of the pure crystalline prod- 
uct were obtained by this treatment. 

Composition and Characteristics of the 
Various Preparations 

Physical Properties. Lead thiocyanate is a white 
crystalline salt composed of large irregular rhom- 
bohedral prisms resembling arrow heads and spear 
points, which exhibit comparatively low birefringence 
and extinguish parallel to the direction of elongation 
of the crystals. The index of refraction of the lead 
thioeyanate crystals is higher than that of methylene 



FIG. 1. Effect  of ul traviolet  i r radia t ion.  

Lower hal f  shows respective changes a f t e r  three hour s '  ex- 
posure to ul traviolet  l ight  on: 1, K & $1; 2, K & S.~; 3, CX3; 
4, If2; 5, Ks;  6, B ;  7, D;  8, A.O.A.C.; and 9, A.O.C.S. (Origi- 
nals in upper  ha l f ) .  
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iodide. As stated above, 3.3 grams of this salt are 
soluble in 100 ml. of boiling water. 

Chemical Composition. The chemical composition 
of the various preparations of lead thiocyanate was 
determined by precipitating lead as the chromate 
(14) and titrating the thiocyanate ions with silver 
nitrate solution according to the method described by 
Volhard (12). The A.S.T.M. gravimetric factor for 
the conversion of lead chromate to lead was employed 
after the method had been applied to several samples 
of pure lead nitrate and found to give the theoretical 
value for lead (4). 

The sulfur determinations were made by oxidizing 
the sulfur to S04= with bromine, removing the lead 
ions as lead carbonate, and precipitating the S04 = 
ions as bariumsulfate (13). The analytical data and 
the composition of the samples of lead thiocyanate, 
calculated on the basis of the percentage of lead 
found, are given in Table 1. The calculated compo- 
sitions and capacities of the reagents to saturate 
double bonds indicate that only four products are 
impure, i.e., comprise mixtures of normal and basic 
lead thiocyanatcs or contain excessive quantities of 
mineral impurities. 

The equation : 

PB(R-)~ ~. 2M§ -4 Pb(SCN)2 -~ 2M§ - 

representing the double decomposition involved in 
the preparation of lead thiocyanate, indicates that 
one gram-molecular weight of the lead salt should be 
reacted with two gram-molecular weights of thiocy- 
anate. This is erroneous; better yields and purer 
products are obtained with an excess of thiocyanate, 
as may be observed from the experimental data in 
columns 6 and 7 of Table 1. Reference to this table 
shows the relatively poor yields that are obtained if 
the products are prepared according to the method of 
Kaufmann or the A.O.C.S. However, a more impor- 
tant consideration is that these preparations are un- 
stable and cannot be kept for long periods of time. 
In both of the above-mentioned methods, lead acetate 
is used as the source of Pb ions. The anomalous be- 
havior of lead acetate in aqueous solutions casts seri- 
otis doubt on the purity of any product prepared with 
this reagent. 

Karaoglanov and Sagortschev (6) investigated the 
mechanism of the precipitation of lead thiocyanate 
and discovered various factors influencing the pur- 
ity of the product. They found that combining an 
aqueous solution of a lead salt with that of a thio- 
cyanate salt produced either normal lead thiocyanate, 
Pb(SCN)2, or basic lead thiocyanate, Pb(OH)SCN, 
or a mixture of the two, depending upon the condi- 
tions of the precipitation. They were unable to ob- 
tain a normal lead thiocyanate from Pb(CH3CO0)2 
and KSCN except in the presence of excess hydrogen 
ions. The hydrogen ions were furnished by the addi- 
tion of acetic acid. They experienced no difficulty, 
however, in obtaining the normal salt when lead 
nitrate was substituted for lead acetate. However, 
in the presence of either small or large quantities of 
ammonium acetate, varying percentages of the basic 
salt were precipitated in conjunction with the normal 
salt even when lead nitrate was used as the source of 
lead ions. In addition, they reported that normal lead 
thiocyanate could be converted in aqueous solution to 
the basic salt in the presence of either ammonium, 

sodium, or potassium acetate and that the conversion 
was favored by increasing the temperature. 

The conclusions of Karaoglanov and Sagortschev 
were partly substantiated by repeating one of their 
experiments (Preparation 4, Table 1). The analysis 
of the compound obtained by their method showed 
it to be basic lead thiocyanate. Another preparation 
by this method, but modified to increase the concen- 
tration of hydrogen ions, produced a pure lead thio- 
cyanate (Preparation 3, Table 1). The suspicion that 
the Kaufmann and A.O.C.S. products are not pure is 
substantiated by the compositions of these prepara- 
tions calculated on the basis of their lead content as 
shown in Column 11 of Table 1. 

Products 8, 9, 10, and 11 furnish examples of the 
results obtained with various combinations of lead 
nitrate and ammonium thiocyanate which produce a 
nearly theoretical yield of lead thiocyanate when the 
ratio of Pb~§ - is maintained at 1/2.72, and the 
order of addition is Pb ions added to SCN ions. 
Equally good yields are obtained when lead nitrate 
is added to sodium and potassium thiocyanates, re- 
spectively, providing the same ratio of Pb+§ and 
order of addition are observed. 

Elect of Ultra-Violet Irradiation. It is well known 
that lead thiocyanate is sensitive to ultra-violet light, 
consequently each preparation was subjected to irra- 
diation of this type and the effect noted. The products 
were arranged on a white porcelain spot-test plate 
and exposed for three hours to radiation from an 
ultra-violet lamp ( H a n o v i a  U t i l i t y  Model Quartz 
Lamp) placed at a distance of 18 inches from the 
samples. The effect of exposure to ultra-violet light 
is shown in Figure 1. 

I t  is evident from even a casual inspection of 
Figure 1 that the individual preparations of lead 
thiocyanate are affected in varying degrees by ultra- 
violet irradiation. Some preparations are very mark- 
edly affected, others moderately so, and still others 
hardly at all. The amount and intensity of the dis- 
coloration brought about by ultra-violet irradiation 
is a qualitative indication of the amount of impuri- 
ties present and the general instability of any given 
sample of lead thiocyanate. I t  is apparent that prep- 
arations 3 and 6, which are, respectively, the CXa 
(laboratory preparation) and B (commercial prod- 
uct), are only slightly affected visually by irradiation 
and that preparations 4, 5, and 9, namely K2, K1, 
and A.O.C.S., are markedly affected. A considerable 
increase in color is shown by product 2, or K & $2, 
which is the pure basic lead thiocyanate, Pb(OH)- 
SCN. Preparations 5 and 9 exhibit more color change 
than the remaining products, and it is concluded that 
this change is due to a combination of the effect of 
other metallic impurities and the presence of the 
basic compound. 

It was subsequently observed that if the lead thio- 
cyanate preparations were recrystallized from water, 
they did not exhibit any visible instability to ultra- 
violet light under the conditions mentioned above. 
This is further evidence that most of the effect of 
ultra-violet irradiation is associated with the impuri- 
ties present in the products. 

Microscopic Examination. All of the products were 
examined microscopically and photomicrographs were 
made and compared. Two of these photomicrographs 
are reproduced in Figures 2 and 3. Figure 2 repre- 
sents crystals of the pure basic compound, Pb(OH)- 
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provides a means of removing the impurities which 
substantially contribute to the darkening of: the 
product on exposure to sunlight and impart hygro- 
scopic properties to the compound. Following rer 
tallization from water, the products can be dried at 
atmospheric pressure and room temperature. This 
procedure eliminates drying over P205 in a vacuum 
desiccator. Moreover, the crystals do not contain any 
water of crystallization. 

It is recommended, therefore, that lead thiocya~ate 
be recrystallized from hot water if the salt is to be 
used in the preparation of the thiocyanogen reagent 
unless the investigator is thoroughly acquainted With 
the source and purity of the reagent. 

Behavior of the Different Reagents in the 
Determination of Thiocyanogen Values 

Each of the preparations of lead thiocyanate~was 
used to prepare a thiocyanogen reagent which ~was 
applied to the determination of the thiocyan0gen 
values of soybean, peanut, and cottonseed oils. :The 

F I o .  2.  P u r e  P b ( O H ) S C N ,  ( K & S 2 ) .  9 1 X .  

SCN. They are small rectangular prisms that show 
a high birefringence and, predominantly, parallel 
extinction. The twinning habit characteristic of these 
crystals is clearly exhibited. Figure 3, which is rep- 
resentative of the A.O.C.S. product, furnishes con- 
clusive visual evidence of the presence of the basic 
compound. Even the twinning habit observed in 
Figure 2 is clearly in evidence in the photomicro- 
graph. The larger crystals are the irregular rhombo- 
hedral prisms resembling arrow heads  and spear 
points characteristic of the lead thiocyanate itself. 

The Effect of Recrystallization on Purity. Since 
the solubility of lead thiocyanate in water provides 
a means for its purification, some of the products 
listed in Table 1 were recrystallized from this me- 
dium, and the insoluble impurities, recrystallized 
product, and soluble residue were spectroscopically 
examined for traces of other elements. Table 2 shows 
the results obtained for four commercial products 
and two laboratory preparations. The solubility of 
lead thiocyanate in water is important because it 

F I O .  3 .  P r o d u c t  p r e p a r e d  a c c o r d i n g  t o  t h e  A . O . C . S .  

d i r e c t i o n s .  9 1 X .  

T A B L E  2 
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