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ABSTRACT: Cocaine hydrochloride salt (HCI) and heroin HCI were determined quantitatively 
by choosing a carbonyl absorption peak as the analytical peak and measuring absorbance versus 
concentration in standard KBr pellets. The effect of various additives and diluents such as 
starch, sugars, mannitol, caffeine, and procaine was also studied. Methods were devised to cor- 
rect for interference contributions based on spectral subtraction of the interfering component or 
subtraction of the interfering spectral contribution based on absorbance ratios with a noninter- 
feting spectral peak. In mixtures containing both the free base and the hydrochloride salt, the 
most satisfactory method for determining the concentration was by area integration of the two 
carbonyl peaks. 
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Infrared spectrophotometry is a powerful analytical technique frequently used for qualita- 
tive analysis of drugs in forensic science in corroboration with other analytical methods. 
However, quantitative determinations of dangerous drugs in forensic science are generally 
performed by various chromatographic methods such as gas chromatography (GC) and high 
pressure liquid chromatography (HPLC) [1-3], and less frequently by methods based on 
ultraviolet (UV) or visible spectrophotometry. With the advent of Fourier transform infrared 
spectrophotometry (FTIR), the potential application of infrared spectrophotometry to quan- 
titative determinations has been greatly expanded but  not exploited [4]. In the more recent 
forensic science reviews there is no mention of the quantitative application of FTIR to dan- 
gerous drugs [2,3]. 

In the present work, various techniques were studied on heroin and cocaine samples in- 
cluding simple absorbance measurements, corrections for broadband interferences based on 
a judicious selection of the baseline, corrections for interferences based on absorbance ratios 
with a noninterfering spectral peak from a given component, spectral subtraction, and area 
integration. 
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Experimental Procedure 

Apparatus 

The infrared spectra were obtained using an Analect model FX6160 Fourier transform 
infrared spectrophotometer with a triglycine sulfate (TGS) detector. A Wilks U2-in. (12.7- 
mm) diameter pellet holder was used to prepare the potassium bromide (KBr) pellets. All 
weighings were performed on a Sartorius model 1702 MP8 electronic analytical ~oalance. 

Reagents 

Cocaine �9 HCI was obtained from Merck. Cocaine base was prepared by neutralizing the 
cocaine �9 HCI with an excess of a dilute ammonia  solution and extracting into chloroform. 
Heroin �9 HC! was obtained from Applied Science Laboratories. Heroin base was prepared 
by gradually neutralizing the heroin �9 HCI with the stoichiometric equivalent of an aqueous 
potassium hydroxide solution, filtering and recrystallizing from acetone. 

Procedure 

Standard stock mixtures were prepared by mixing 10 mg of a given compound with 490 
mg of potassium bromide and thoroughly grinding and mixing three times in an agate mor- 
tar and pestle. A total of 100 mg of sample plus potassium bromide was always taken to 
prepare the pellets. Each time a standard stock mixture was diluted with potassium bromide 
or mixed with another standard stock mixture, it was thoroughly ground and mixed three 
times before preparing as a pellet. A ram pressure of 7 tons (6350 kg) was applied to prepare 
the pellets. Spectra were recorded as transmission, absorbance, and baseline corrected ab- 
sorbance spectra using sixty-four scans. Data for the calibration graphs was always taken 
from the baseline corrected absorbance spectrum. 

Results and Discussion 

Cocaine �9 HCI has two strong carbonyl absorption peaks at k = 1730.9 and X = 1712.8 
c m -  1. The spectra recorded as a transmission spectrum, absorbance spectrum, and baseline 
corrected absorbance spectrum are in Figs. 1, 2, and 3. A plot of absorbance, from the 
baseline corrected spectra versus concentration at k = 1730.9 and k ---- 1712.8 cm -I  is in 
Fig. 4. The results are linear from 0.2 to 1.5 mg at k = 1712.8 cm -1 and 0.2 to 1.3 mg at 
k = 1730.9 cm -1. The preferred absorption peak for quantitative measurements is at k 
1730.9 cm - I ,  since many substances interfere more strongly at the lower wave number car- 
bonyl peak. Common diluents such as mannitol,  lactose, and glucose do not interfere at 
either of the two carbonyl absorption peaks. Starch has a broadband absorption in this re- 
gion but its error contribution is reduced to insignificant in the baseline corrected absor- 
bance spectrum by forcing the baseline at k = 1850 cm -1. 

Procaine �9 HCI, a common additive in cocaine samples, has an absorbance contribution 
at k ---- 1730.9 cm -1 caused by the shoulder of the carbonyl peak at k = 1697 cm -1 which 
could cause an error as large as 2.5% absolute if no corrections are made for it (see Fig. 5). 
One method of correcting for the procaine �9 HCI absorbance contribution is to subtract it 
mathematically from the spectrum, a feature available on many FTIR instruments, An alter- 
nate method is to choose absorption peaks of procaine �9 HCI that are relatively free of con- 
tributions from the cocaine �9 HCi such as at k = 1697 and at k = 3212 cm -I  and plot the 
absorbance of these peaks versus procaine �9 HCI concentration. On the same graph, a plot 
is made of the absorbance at k = 1730.9 cm -1 versus procaine �9 HCI concentration as 
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FIG. 5--Basel ine corrected absorbance spectrum of  a mixture o f  cocaine �9 HCI and procaine �9 HCI. 

shown in Fig. 6. Since the slope of the line at k = 1730.9 cm -1 is relatively flat, maximum 
accuracy of the procaine �9 HCI concentration is not necessary to provide an adequate correc- 
tion factor. 

A summary of the results obtained from various synthetic cocaine �9 HCI mixtures are in 
Table 1. The relative mean value is 99.16% with a standard deviation of _ 7.5%. 

Mixtures of cocaine �9 HCI and cocaine base were also investigated. A shift in the carbonyl 
absorption maxima occurs in cocaine base to X = 1736.0 cm - I  and X = 1710.3 cm -~ (see 
Fig. 7). A plot of absorbance versus concentration at X = 1736.0 and ~ = 1710.3 cm -1 is in 
Fig. 8. The results are linear from 0.2 to 1.0 mg. In mixtures containing cocaine �9 HCI : co- 
caine base in the ratios of 3 : 1, 2 : 1, and 1 : 1, good quantitative results were obtained from 
the absorbance values at ~, = 1712.8 cm -1. However, in mixtures containing cocaine 
base : cocaine �9 HCI in the ratios of 3 : 1 and 2 : 1, unsatisfactory quantitative results were 
obtained from the absorbance values at h = 1710.3 or X = 1736.0 cm - l  (see Table 2). 

A probable explanation for these results may be found by examining the qualitative shape 
of the carbonyl absorption peaks (see Figs. 7 and 9). The carbonyl peaks at 1712.8 and 
1710.3 era-1 are clearly asymmetric with a higher slope value at the lower wave number  side 
of the peak maximum. Thus, adding cocaine base to a sample containing predominantly 
cocaine �9 HCI would cause a band broadening on the lower wave number  side from the max- 
imum of the cocaine �9 HC1 peak with perhaps a shoulder effect. It  would also have a signifi- 
cant absorbance additive factor at the peak maximum itself of cocaine �9 HCI since this is on 
the side of the lower slope value for cocaine base. The reverse situation is exactly the oppo- 
site. Adding cocaine �9 HCI to a sample containing predominantly cocaine base would pri- 
marily cause a peak broadening of the maximum from cocaine base since the higher slope 
side from the cocaine �9 HCI peak is being added to the lower slope side of the cocaine base. 
It  would have a less significant absorbance additive factor at the peak maximum of cocaine 
base since this is on the side of the higher slope value for cocaine �9 HC1. This is indeed the 
situation that  exists in Fig. 9b and c. 

Further examination of the carbonyl band region shows the presence of additional dou- 
blets and shoulders in mixtures of cocaine �9 HCI and cocaine base (see Fig. 9). In a 1 : 1 
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TABLE 1--Cocaine �9 HCI  de termina t ions  by  absorbance  at  k ---- 1730. 9 c m - t  in syn the t ic  mix tures .  

mg Cocaine HCI 
No. Sample Found % Error 

1 1.000-mg cocaine - HCI + 1.000-mg mannitol 0.956 --4.4 
2 1.000-rag cocaine �9 HCI + 1.000-mg starch 0.941 --5.9 
3 0.800-rag cocaine �9 HCI + 1.200-rag procaine HCI 0.862 + 7.8 

2.4 

w 2 . 0  
o 
z 

"~ 1.E 

0 

m 

~: 1.2 

0.8 

0.4 

0.2 0.4 0.6 0.8 1,0 1.2 1.4 
W E  I G H T  , m g  

2.8 

'~,A 

- - - - - - - - - -AS 

;.e 1:8 z'.o 

FIG. 8 - - A b s o r b a n c e  versus weight  o f  cocaine base at." a k = 1736.0 and  b k = 1710.3 cm - t .  

mixture  of cocaine �9 HC1 and  cocaine base, a doublet  is clearly visible at  k = 1736.0 and  
1730.9 cm - I  and  a singlet occurs at  k = 1712.8 cm - I  (see Fig. 9a) .  In a 2 :1  mixture  of 
cocaine base :coca ine  �9 HCI, an  absorpt ion m ax i mum occurs at  1736.0 c m - i  with a shoul- 
der  at  1730.9 cm -~ followed by a b road  absorpt ion peak with a max imum at 1710.3 cm - I  
(see Fig. 9c). In a 2 : 1 mixture  of cocaine �9 HCI : cocaine base, two sharp  absorpt ion peaks  
occur at  k : 1730.9 and  ~, = 1712.8 cm - I  with indicat ions of a shoulder  in the  region 
k = 1710.8 cm - l  (see Fig. 9b) .  At tempts  to correct the results in mixtures conta in ing pre- 
dominant ly  cocaine base by subt rac t ing  the  cocaine �9 HCI contr ibut ion at  k = 1736.0 cm -1 
were also unsat isfactory since the  slope of the correction factor  is not  flat. This  would require  
an  initial accurate  est imate of the  cocaine �9 HCI concentra t ion which is not  available since 
the  absorbance  of the  shoulder  at  k = 1730.9 c m -  ~ has  a large contr ibut ion f rom the  cocaine 
base peak at X = 1736.0 cm - t .  

A different approach  was tried, namely,  area integrat ion of the  carbonyl b a n d  region f rom 
k = 1680 to k = 1780 cm -~. This is a s t andard  feature  on the FTIR  ins t rument  where the  
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FIG. 9 - - A b s o r b a n c e  spectra o f  carbonyl  region o f  mix tures  o f  cocaine �9 HC1 a n d  cocaine base: a 1 : l 
cocaine �9 HCI  : cocaine base, b 2 : 1  cocaine �9 HCI  : cocaine base, c 2: l cocaine base:  cocaine �9 HCl .  

operator  chooses the m i n i m u m  and  m ax i m um  wavelength over which the integrat ion is to be 
performed and  a baseline is drawn from the  intersection of the cursors with the  absorbance  
spectrum. A plot of net  area versus concentrat ion for cocaine �9 HCI and  cocaine base is in 
Fig. 10. The  appropr ia te  cal ibrat ion curve was chosen based on the  wave n u m b e r  of the peak 
heights indicat ing tha t  the major  component  was the free base or the hydrochloride salt. 
Results are summar ized  in Table  3. The relative mean  value is 100.6% with a s tandard  
deviation of  + 5 . 4 % .  

Heroin �9 HCI has two strong carbonyl absorpt ion peaks at  X ---- 1763.0 and  X = 1736.0 
c m -  i. The spectra recorded as a t ransmission spectrum, absorbance  spectrum, and  baseline 
corrected absorbance  spect rum are in Figs. 11, 12, and  13. A plot of absorbance,  f rom the 
baseline corrected spectra versus concentra t ion at  X ---- 1763.0 and  k = 1736.0 cm -1, is in 
Fig. 14. The results are l inear f rom 0.2 to 2.0 mg at bo th  wave numbers .  The  preferred wave 
n u m b e r  for quant i ta t ive  determinat ions  is at  k ----- 1763.0 cm -1 since some common addi- 
tives, diluents,  and  impuri t ies  have a significant absorbance  at  wave numbers  slightly lower 
than  this. There  is no significant interference from common diluents such as manni tol ,  lac- 
tose, and  glucose or f rom impuri t ies  such as morphine  and  codeine at  k = 1763.0 and  k ---- 
1736.0 cm - t .  A judicious selection of the baseline el iminates any significant interference 
from b r o a d b a n d  absorpt ion of s tarch at  X ----- 1763.0 cm -1. Procaine �9 HCI does not  consti- 
tu te  an interference at  k = 1763.0 cm - l  bu t  does have a significant absorbance  at  k = 
1736.0 cm -1. 

Caffeine, a common  addit ive in heroin samples,  has an  appreciable absorbance  at  k = 
1763.0 cm - l  and  an  even larger absorbance  at  k = 1736.0 cm -1 as a result  of the  shoulder  
f rom the carbonyl peak at X = 1690 c m - L  It  can be corrected based  on the  absorbance  rat io 
of a caffeine peak relatively free of absorbance  interferences f rom heroin,  such as at  ~ : 
1548.2 cm - l ,  to the  absorbance  value at  1763.0 cm -1 (see Fig. 15). The  slope of the  line at  
k = 1763.0 cm -~ is f lat  up to a concentra t ion of 1.7-mg caffeine and  then  the slope starts  to 
increase rapidly because of the effect of b a n d  broadening  of the caffeine carbonyl peak at  
k = 1690 cm -1 . Over the  caffeine concentra t ion range of the relatively f lat  slope at  k = 1763 
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TABLE 3--Analysis  o f  synthetic mixtures o f  cocaine base and cocaine �9 HCI by area integration f rom 
X = 1680 to 1780 cm -I. 

% Cocaine % Cocaine % 
No. Sample Found Theoretical Error 

1 0.600-mg cocaine base + 0.200-rag 0.832 mg as 0.779 mg as + 6 . 8  
cocaine �9 HCI cocaine base cocaine base 

2 0.600-mg cocaine base + 0.300-rag 0.900 mg as 0.868 mg as + 3 . 7  
cocaine - HCI cocaine base cocaine base 

3 0.400-mg cocaine base + 0.400-rag 0.837 mg as 0.848 mg as -- 1.3 
cocaine �9 HCI cocaine �9 HCI cocaine �9 HCI 

4 0.300-rag cocaine base + 0.600-rag 0.866 mg as 0.936 mg as --7.5 
cocaine �9 HCI cocaine �9 HCI cocaine �9 HCI 

5 0.200-mg cocaine base + 0.600-mg 0.835 mg as 0.824 mg as + 1.3 
cocaine �9 HCI cocaine �9 HCI cocaine �9 HCI 

c m - t  a n  a p p r o x i m a t e  e s t i m a t e  o f  t h e  ca f fe ine  c o n c e n t r a t i o n  f r o m  t h e  a b s o r b a n c e  va lue  a t  

= 1548.2  c m  - t  p rov ides  a n  a d e q u a t e  co r rec t ion  fac tor .  I n  a f o u r - c o m p o n e n t  m i x t u r e  con-  

t a i n i n g  h e r o i n  �9 HCI ,  ca f fe ine ,  s t a r c h ,  a n d  lac tose  (see Fig.  16) a n d  on ly  r e q u i r i n g  a cor rec-  

t ion  f ac to r  as  a r e su l t  of  t h e  ca f fe ine ,  very g o o d  r e su l t s  were  o b t a i n e d  (see T a b l e  4). 

Ace ty l code ine  a n d  o 6 - m o n o a c e t y l m o r p h i n e  b o t h  have  a very s t r o n g  a b s o r b a n e e  p e a k  n e a r  

)~ = 1736.0  c m  -1  wi th  a m u c h  w e a k e r  a b s o r b a n c e  a t  X = 1763.0  c m  -1  b e c a u s e  of  a s h o u l d e r  

effect .  Ace ty l eode ine  h a s  a n  a b s o r b a n c e  a t  k = 1763.0  c m  -1  r a n g i n g  f r o m  0.03 to  0 .05  w h e n  

p r e s e n t  in c o n c e n t r a t i o n s  r a n g i n g  f r o m  0 .5  to  1.5 m g  of  ace ty lcode ine  in a 1 0 0 - m g  K B r  pel-  
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FIG. 13- -Base l ine  corrected absorbance  spec trum o f  heroin �9 HCI. 
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TABLE 4 - - H e r o i n  �9 HCI  de termina t ions  by  absorbance  at )~ : 1763.0 cm -1 in synthet ic  mix tures .  

mg Heroin % 
No. Sample HCI Found Error 

1 1.000-mg heroin �9 HCI + 1.000-mg caffeine 1.040 +4.0 
2 0.667-mg heroin - HC1 + 1.333-mg caffeine 0.682 +2.4 
3 0.S00-mg heroin - HC1 + 0.500-mg caffeine + 0.479 --4.0 

1.000-mg procaine �9 HCI 
4 0.400-mg heroin �9 HCI + 1.600-mg lactose 0.426 +6.5 
S 1.000-mg heroin �9 HC1 + 1.000-mg starch 1.006 +0.6 
6 0.800-mg heroin �9 HCI + 0.600-mg caffeine + 0.828 +3.S 

0.600-mg lactose 
7 0.S00-mg heroin �9 HCI + 0.S00-mg caffeine + 0.498 --0.4 

0.S00-mg procaine HCI + 0.S00-mg lactose 
8 1.200-mg heroin - HCI + 0.400-mg procaine �9 HCI + 1.215 + 1.3 

0.400-mg starch 
9 1.000-mg heroin - HCI + 1.000-mg 

o6-monoacetylmorphine 0.961 -- 3.9 
10 1.000-mg heroin �9 HCI + 1.000-mg acetylcodeine 0.987 --1.3 

let. This can be corrected for by subtracting the heroin spectrum from the mixture and then 

measuring the absorbance at k =- 1733.4 or ~ =- 1237.1 cm - I  to give an approximate esti- 

mate of the acetylcodeine concentration. The absorb ance ratio at X = 1763.0 cm-1 to either 
of the above two peaks can then be used to determine the appropriate correction factor to be 
subtracted from the mixture at k ---- 1763.0 cm -1. In a similar manner ,  corrections can be 
made  for absorbance  contr ibut ions  at ), =- 1763.0 cm -1 as a result of o6-monoace - 

tyimorphine, using the absorbance values at X = 1733.4 or X --- 1242.3 cm - t  to estimate the 

o6-monoacetylmorphine concentrat ion on the spectrum obtained after subtracting the her- 
oin. Table 4 summarizes the results of various synthetic mixtures containing heroin �9 HCI. 
The relative mean value is 100.9% with a s tandard  deviation o f  + 3 . 4 % .  

Mixtures of heroin �9 HCI and heroin base were also investigated. A shift in the carbonyl 
doublet occurs in heroin base to X = 1756.6 and k = 1728.3 cm -1. A plot of absorbance 

versus heroin base concentration at X = 1756.6 and )~ = 1728.3 cm - j  is illustrated in Fig. 
17. The results are linear from 0.2 to 1.5 mg. A close examination of the carbonyl region of 
pure heroin �9 HC1 and pure heroin base reveals that  the main doublet is further  resolved 
into additional doublets or shoulders or both (see Fig. 18). In pure heroin �9 HCI, a doublet 
occurs at ~ = 1764.3 and h = 1759.1 cm -1 followed by a singlet at k = 1736.0 cm -1. In 
pure heroin base, an absorbance maximum occurs at X = 1756.6 cm - I  with a pronounced 

shoulder at k = 1763.0 cm - l  and a singlet at ), = 1728.3 cm -1. 

Synthetic mixtures were prepared containing heroin �9 HCl :heroin  base in the ratios of 
3 : 1, 2 : 1, and 1 : 1 and heroin base : heroin �9 HCI in the ratios of 3 : 1 and 2 : 1. A close exam- 
ination of the main carbonyl doublet reveals additional doublets and shoulders in these mix- 

tures (see Fig. 19). In a 2:1 mixture of heroin base :hero in  �9 H C 1 ,  a doublet occurs at ), = 

1764.3 and X = 1759.1 cm -1. An additional peak maximum occurs at k = 1731.8 cm - j  
with a shoulder at k = 1738.6 cm - t  (see Fig. 19a). In a 1 : 1 mixture of heroin �9 HCI : heroin 
base, similar doublets  and shoulders  exist (see Fig. 19b). In a 2 :1  mixture of hero- 
in �9 HCI : heroin base, a doublet  also occurs at X = 1764.3 and ), = 1759.1 c m -  l followed by 

a peak maximum at ), = 1736.0 cm - l  with a shoulder at k = 1731.5 cm -1 (see Fig. 19c). In 
all three mixtures, the maximum absorbance of the higher wave number  main carbonyl dou- 
blet is at 1759.1 cm -1. The best  quantitative results based on absorbance values at a given 
wavelength were those obtained at ), = 1759.1 cm -~ (see Table 5). The relative mean value is 
100.4 % with a s tandard  deviation of + 5.2 %. Attempting to determine the individual heroin 
base and heroin �9 HCI content  by subtracting absorbanee contributions of one to the other 
did not appear  to be a feasible approach.  
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TABLE 6--Analysis of synthetic mixtures of heroin base and heroin �9 HCI by area integration from 
X = 1675 to 1825 cm -1. 

% Heroin % Heroin % 
No. Sample Found Theoretical Error 

1 0.600-mg heroin base + 0.200-mg 0.753 mg as 0.782 mg as --3.7 
heroin �9 HCI heroin base heroin base 

2 0.600-mg heroin base + 0.300 mg 0.853 mg as 0.873 mg as --2.3 
heroin �9 HCI heroin base heroin base 

3 0.500-mg heroin base + 0.500-rag 1.044 mg as 0.955 mg as +9.3 
heroin �9 HC1 heroin base heroin base 

4 0.300-mg heroin base + 0.600-mg 0.881 mg as 0.930 mg as --5.3 
heroin �9 HC1 heroin HCI heroin . HCt 

5 0.200-rag heroin base 4- 0.600-mg 0.800 mg as 0.819 mg as --2.3 
heroin �9 HCI heroin HCI heroin - HCI 

Net area integration was calculated from X ---- 1675 to X = 1825 cm -~ on the mixture of 
heroin �9 HC1 and heroin base. Calibration graphs of area versus concentration for hero- 
in �9 HCI and heroin base are in Fig. 20. If an absorbance maximum occurred at k = 1736 
cm -1, the heroin �9 HCI calibration curve was used. If an absorbance maximum occurred at 
X = 1731 or X = 1728 cm -~, the heroin base calibration curve was used. Results are summa- 

rized in Table 6. The relative mean value is 99.14% with a s tandard deviation of ___5.8%. 
Calibration curves are stable for at least a period of several months.  If the infrared source 

is changed or any modifications are made in the electronic circuitry of the instrument to 
accommodate  various accessories, the calibration curves should be rechecked as they might 

change. The average time for a quantitative determination is approximately 20 min. 

Conclusions 

Cocaine and heroin concentrat ion can be determined quantitatively by measuring the in- 
tensity of the absorbance of the carbonyl peaks. Broadband absorbance interferences can 
sometimes be corrected for by a judicious selection of the baseline. Spectral interferences can 
be corrected for based on absorbance ratios with a noninterfering spectral line or alterna- 

tively by spectral subtraction of the interfering component .  In mixtures containing the free 
base and the hydrochloride salt, the preferred method for quantitative determination is by 
net area integration of the carbonyl peaks. 
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