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Abstract 0 A sensitive quantitative IR absorption method was 
developed for the determination of dicyandiamide as an impurity 
in a pharmaceutical preparation. This method is suitable for the 
determination of dicyandiamide in very low concentrations in 
insoluble guanidines and for the quantitative detection of dicyan- 
diamide in many other compounds. The method is based on the 
determination of the nitrile stretching vibration in the region of 
22130 cm.?. Although dicyandiarnide forms as a by-product in an 
alkaline solution from the excess of cyanamide used in the reaction, 
the proposed method utilizes the separation of cyanamide and 
dicyandiamide by a simple extraction procedure, using methylene 
chloride and 2-ethoxyethanol as solvents. The sensitivity of the 
method was improved by using an internal standard technique. 
The superiority of this method over existing methods is discussed, 
along with the importance and usefulness of IR absorption, par- 
ticularly in everyday pharmaceutical analysis. 
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Cyanamide, although a classical raw material for 
organic synthesis (l), was formerly prepared either in 
small quantity in a laboratory (2)  or in commercial 
quantity for captive use. Its tendency to  react with 
itself, predominantly to  form dimers, was a barrier to 
commercial development until recently. Efforts to cir- 
cumvent this tendency have succeeded, and the stabi- 
lized anhydrous monomer (3) and a concentrated 
aqueous solution have become available commercially. 
Tonnage agricultural and metallurgical applications 
have been described (4). 

In the pharmaceutical industry, cyanamide is par- 
ticularly useful in the synthesis of guanidine derivatives 
(9, but dimerization should be eliminated or, if un- 
avoidable, minimized. In either case, analytical con- 
trols to  assure drug purity are needed. 

On reviewing the literature data of the determination 
of dicyandiamide and cyanamide, it was found that the 
methods can be classified into several categories: 
titrimetric, polarographic, colorimetric, gravimetric, and 
chromatographic. 

To the authors' knowledge, only two IR spectro- 
photometric (6, 7) dicyandiamide determination proce- 
dures are reported in the literature. The measurement 
of the absorption in the nitrile region is based on the 
utilization of an internal standard in paraffin oil or in a 
KBr pellet. The authors claim that the method is 
fairly sensitive, but the particle size of the sample, 
especially in oil, must be critically controlled. Titri- 
metric procedures are commonly used for the quantita- 
tive determination of dicyandiamide (8) as well as for 
cyanamide (9). However, reducing agents and amino- 
guanidine should be removed before the silver nitrate 

titration. The authors pointed out that the speed of 
operation is critical. The polarographic method (10) 
for the determination of dicyandiamide is complicated 
and time consuming. Colorimetric methods (1 1) are 
based on the reaction with pentacyanoammonium- 
ferrate, which yields a red complex with cyanamides. 
Gravimetric determinations are often used (12, 13); 
dicyandiamide is hydrolyzed and allowed to  react with 
picric acid to  form guanylurea picrate. This method 
suffers from the typical experimental problems that 
arise with the gravimetric technique. Chromatographic 
methods were reported which deal with the separation 
and detection of cyanamide and its derivatives (14, 
15). However, both papers only gave data for the 
quantitative determination of urea and not for cyan- 
amide and dicyandiamide. Quantitatively, as many as 16 
cyanamide derivatives may be separated by this tech- 
nique. 

Since the industrial application of cyanamide has 
grown rapidly, it was obvious that a suitable analytical 
method was needed for its determination. It was found 
that unreacted cyanamide undergoes dimerization 
to  dicyandiamide if the reaction mixture is slightly 
alkaline. However, in a process where the reaction 
mixture is neutral or slightly acidic, dimerization 
does not occur and cyanamide remains as an impurity. 

This paper describes an IR absorption method which 
can be used routinely, primarily for the quantitative 
determination of dicyandiamide. Cyanamide, another 
possible impurity, can be determined in the parent 
compound with an additional extraction. The method 
is based on the measurement of the C=N stretching 
vibration in the region of 2200 cm.-l. 

EXPERIMENTAL 

A recording spectrophotometerl, equipped with 0.1-mm. sodium 
chloride cells, was used to record the spectra. Methylene chloride 
and 2-ethoxyethanol* were the solvents. 

Preparation of Stock Solutions-Solutions containing 1 mg./ml. 
cyanamide in methylene chloride and dicyandiamide in 2-ethoxy- 
ethanol were prepared. 

Preparation of Standard Solutions-Pipet 4, 6, 8, and 10 ml. of 
stock solutions into separate 10-ml. volumetric flasks, and dilute 
to volume with the appropriate solvents. 

Preparation of Sample Solutions-Accurately weigh 1 g. of sample 
(guanidine compound) into a centrifuge tube, and extract several 
times with a small portion of methylene chloride. Transfer the 
solution onto a sintered-glass funnel, and filter it into a l@d.  
volumetric flask. This solution is for the cyanamide assay. Extract 
the remaining dry powder further with several small portions of 
2-ethoxyethanol, and collect the filtrate in another 10-ml. volumetric 
flask. This solution is for the determination of dicyandiamide. 

1 Perkin-Elmer IR 621 
2 Cellosolve. 
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Table I-Reproducibility of Standard Absorbance Values 
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Figure 1-IR absorption spectrum of the crude guanidine sulfate in a 
mineral oil mull. 

Procedure-Transfer the standard and sample solutions in turn 
to 0.l-mm. sodium chloride cells, and place the solutions into the 
spectrophotometer. To obtain reliable absorption values, the in- 
strument is set at 3X ordinate scale and the speed, attenuation, 
and slit program are adjusted according to the instrument manual 
specification. The instrument is set to scan from 2550 to 2ooo 
cm.-l, using the appropriate solvents as blanks in the reference cell. 
By using the regular baseline technique, the absorbances at the 
maxima are calculated. The absorbance values of the standard 
solutions are plotted against the weight of the standards to obtain 
the calibration curve. The amount of impurities in the sample 
solutions is determined from the calibration curve in a similar 
manner. 

The absorption caused by the stretching vibration of the triple 
bond of nitriles occurs at 2250 cm.-1 for cyanamide and 2200 cm.+ 
for the dicyandiamide. 

DISCUSSION 

The IR absorption technique is seldom used for the quantitative 
determination of small amounts of impurities because of the lack 
of sensitivity. This technique is superior to other methods because 
of its specificity, but it can be applied only for quantitative deter- 
mination of compounds that have strongly absorbing vibration 
groups. Cyanamide and dicyandiamide, the latter being the more 
probable contaminant, have a fairly strong absorption in a selective 
region which can be considered for quantitative determination. 

Because the solubilities of cyanamide and dicyandiamide are 
quite different, the selection of proper transparent solvents for their 
separation was critical. Polar solvents were not transparent in the 
region of interest; they also dissolved the parent compound, which 
was undesirable because of potential interference. Nonpolar solvents 
are transparent in the region of interest, but the solubility of both 
cyanamide and dicyandiamide is negligible. Methylene chloride was 
found to be a suitable solvent for cyanamide because dicyandiamide 
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Figure 2-Stability of cyanamide in aqueous solution. 

---Cyanamide=--- --Dicyandiamid- Percent 
Percent Percent 

Concen- Averagea Standard Average" Standard 
tration Absorbance Deviation Absorbance Deviation 

0.04 0.0510 0.62 0.0347 0.64 
0.06 0.0785 0.65 0.0524 0.95 
0.08 0.1027 1.32 0.0706 0.79 
0.10 0.1278 0.54 0.0876 0.79 

a Average of five determinations. 

was completely insoluble and the solubility of the guanethidine 
compound was negligible. 2-Ethoxyethanol was found to be a suit- 
able solvent for dicyandiamide, and the product had a low solubil- 
ity. Although the cyanamide and dicyandiamide were both soluble 
in 2-ethoxyethanol, their separate determinations in a single solvent 
were impossible because of spectral interferences due to close ab- 
sorption. 

The IR spectrum in a mineral oil mull of the crude guanidine 
sulfate containing dicyandiamide as an impurity can be seen in 
Fig. 1. The weak absorption band observed at 2200 cm.+ is charac- 
teristic of the C=N stretching frequency because of dicyandiamide 
remaining in the sample before recrystallization. The disappearance 
of this characteristic nitrile absorption band in a mineral oil mull 
after recrystallization is indicative of a higher quality compound; 
however, it does not mean that the impurity has been completely 
removed. The proposed method is sensitive enough to detect any 
remaining impurities which, in such cases, is below 0.5%. 

The guanidine sulfate is basic enough to dimerize any cyanamide 
present to dicyandiamide. Although cyanamide is fairly stable in the 
solid state and in solution, in both cases it dimerizes rapidly to 
dicyandiamide in the presence of traces of alkali or heat. The 
stability of cyanamide in an aqueous solution can be seen in Fig. 2. 
To prove the dimerization of cyanamide, the following test was 
performed. A mole-to-mole portion of cyanamide dissolved in 
methylene chloride was mixed with basic guanidine sulfate, and the 
mixture was stirred overnight a t  room temperature. After the 
methylene chloride was completely removed, the solid sample was 
subjected first to methylene chloride and then to 2-ethoxyethanol 
extraction. The extraction with methylene chloride showed no 
evidence of the presence of cyanamide, while dicyandiamide was 
quantitatively recovered in the 2-ethoxyethanol extract. This test 
was controlled by TLC, and the absence of cyanamide and the 
presence of dicyandiamide were noted. 

A similar test was carried out to  demonstrate that the dimeriza- 
tion does not occur if the reaction mixture is neutral or slightly 
acidic. The guanidine monosulfate (molar base-to-acid ratio of 
1 : 1) was mixed with a methylene chloride solution of cyanamide. 
The mixture was treated as before, and finally the dry powder was 
subjected to methylene chloride and 2-ethoxyethanol extraction. 
As expected, only the unchanged cyanamide was recovered. Tests 
were performed to exclude the possible formation of an impurity 
from the starting material and dicyandiamide. These experiments 
indicated that no interaction occurred between the two compounds 
under reaction conditions similar to those used in the process. 

Table 11-Separation of Cyanamide and Dicyandiamide by Extrao 
tion Procedure 

Cyanamide" DicyandiamideO 

Average absorbance 0.0515 0.0549 
Percent standard deviation 0.91 1.07 
Percent recovery 100.0 101 .o 

~ 

a Average of five determinations. 

Table 111-Recovery of Dicyandiamide in Synthetic Mixture 

Average absorbance0 0.0393 
Percent standard deviation 0.57 
Percent recovery 101.5 

a Average of three determinations. 
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Table IV-Determination of Dicyandiamide in Crude Sample 

Sample 
Percent 

Dicyandiamideo 

A 
B 
C 

0.10 
0.48 
0.30 

Average of duplicate determinations. 

Linear calibration curves, which follow Beer’s law, were obtained 
for cyanamide and dicyandiamide using the pure substances in the 
appropriate solvents. The reproducibility of the absorbance values 
with consecutive determinations can be seen in Table I. Experi- 
mental data, however, indicate that the standard calibration curves 
are reproducible and linear over a wide range. Table I1 summarizes 
the data obtained for a synthetic mixture of cyanamide and di- 
cyandiamide (4 : 6). These data indicate that satisfactory separation 
was achieved for these components using the proposed extraction 
procedure. The recovery of dicyandiamide, the only contaminant 
resulting from the preparation of guanidine sulfate, was further 
investigated utilizing synthetic mixtures. To a dicyandiamide-free 
sample of guanidine sulfate, a known amount of dicyandiamide 
was added; after proper mixing, it was extracted with 2-ethoxy- 
ethanol. The results of the recovery of dicyandiamide can be seen 
in Table I11 for consecutive determinations. 

Fairly accurate results were obtained when several crude samples 
were analyzed for dicyandiamide when the amount of contamina- 
tion was over 0.2%. The results of these tests are summarized in 
Table IV. However, the results in Table V indicate that purified 
samples usually have less than 0.2 % of dicyandiamide. In the latter 
case, detection of the dicyandiamide, or in special cases the cyan- 
amide, can be appreciably improved with a simple technique (16), 
which offers significantly greater sensitivity than the more conven- 
tional techniques. This technique is based on the fact that upon 
addition of a known amount of the impurity to the sample, the 
absorption of the impurity can be significantly increased if the de- 
tection of very small amounts is desired. If the amount of impurity 
added is substracted from the total absorbance value, the net 
amount of impurity found in the sample results. Figure 3 illustrates 
the application of the modified technique. This technique was 
successfully applied for dicyandiamide detection in the guanidine 
sulfate where the concentration of this component was as low as 
0.015%. 

SUMMARY 

IR absorption, as employed in this study, was found to be a suit- 
able technique for the quantitative determination of dicyandiamide 
as an impurity in guanidine sulfate. The proposed method can be 
used for the separation of cyanamide from the dicyandiamide with 
a simple extraction procedure. Both compounds are considered to 
be moderately toxic; therefore, a sensitive method is required for 
their determination in pharmaceuticals. The method presented is 

Table V-Determination of Dicyandiamide in Recrystallized 
Samples by Modified Technique 

Dicyandiamide Totale 
Added, Dicyandiamide Percent 

Sample mg. Found, mg. Impurity 

A 
B 
C 

5.0 5.25 
5.0 5.00 
5.0 5.25 

0.025 
O.Oo0 
0.025 

D 5.0 5.15 0.015 

Average of duplicate determinations. 

2450 2250 2050 2450 2250 2050 2450 2250 2050 
WAVE NUMBER, cm.-1 

Figure S I R  absorption spectrum of: A, sample containing less than 
0.1 % dicyandiamide with regular method; B, same sample as in A 
with added 5.0 mg. dicyandiamide; and C ,  standard solution con- 
taining 5.0 mg. dicyandiamide. 

superior to procedures reported in the literature because of its in- 
creased sensitivity and specificity. The limit of detection of the 
cyanamides was improved by a simple technique where the sensi- 
tivity of the detection is critical. The formation of dicyandiamide 
during the process is explained, and the accuracy of the method 
is discussed. 
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