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X-Ray Powder Diffraction Data for Some Drugs, 
Excipients, and Adulterants in Illicit Samples 

The development of new compounds with the potential for drug abuse necessitates a 
continuous accumulation of analytical data in the forensic laboratory. Also, the identifi- 
cation of excipients and adulterants in drug samples provides a data base that can be 
used for intelligence purposes. Correlation of cases can provide investigative leads as well 
as being supporting evidence in conspiracy cases. 

The purpose of the present paper is to present X-ray powder diffraction data not 
available in the literature. Included in the paper are data on compounds where more 
complete and accurate tabulations than those already published have been obtained. 

The X-ray diffraction powder method has proven to be very effective and specific in 
the identification of crystalline substances. For example, different hydrates of the same 
compound, as well as polymorphic forms, have completely different X-ray diffraction 
patterns. Compounds in mixtures can be identified without separation. The Special 
Testing and Research Laboratory has been able to identify three components of a 
mixture from a single strip chart recording, which was a composite of the diffraction 
patterns of the substances involved. 

Two modes of operation are utilized in the powder method, one using a camera and 
recording the diffracted X-rays on film, the other involving a diffractometer, detector, 
electronic panel, and chart recorder. The latter method is the superior one in that, 
among other advantages, the resulting pattern is spread out on a chart recording with 
much better resolution of lines. Triplets and doublets on the chart would appear as 
single (broad) lines on a film. 

The Powder Diffraction File, published by the Joint Committee on Powder Diffraction 
Standards, 2 contains inorganic and organic sets of cards containing X-ray diffraction 
data on over 25,000 crystalline substances, accompanied by numerical and alphabetical 
index books. Annually, a new set of data (separated into organic and inorganic 
categories) is published. The new sets contain data on compounds not previously entered 
in the file, or replace cards in previous sets with more complete and accurate data. It is 
essential that complete sets of cards be available to the X-ray diffraction laboratory to 
realize the potential of the equipment. 

Much of the data in the Powder Diffraction File, especially older data, has been taken 
from film. Many of the original cards have been deleted and replaced by more accurate 
tabulations. Of those earlier cards which remain, the data are often incomplete, 
especially for organic materials where the lines are confined to lower angles and are in 
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close proximity. Resolution on film is improved somewhat by using CrKa radiation, but 
still does not approach that obtained with the diffractometer. Therefore, data are 
included in the present paper for compounds already compiled in the Powder Diffraction 
File for which discrepancies have been found. 

Experimental 

Apparatus 

A Philips wide-angle diffractometer, equipped with scintillation counter and using 
nickel-filtered copper radiation, was employed. Interplanar spacing d was based on 
(CuKc0 = 1.5405 ~ .  

Sample Preparation 

Reagent grade chemicals were used whenever possible, crushed to very fine powder, 
and packed in regular sample holders. 

Operation 

The goniometer scan (1 deg 20/rain) was from 2 to 60 deg 20, higher for inorganic 
substances of small unit cell. 

The X-ray tube was maintained at 30 kV and 10 mA. To obtain d-spacings from the 
strip chart recording, a scale [1] previously made from Plexiglas | was used. The scale 
shows the angles along the lower edge (1 in. -- 1 deg 20), and the corresponding 
d-spacings above. The accuracy of the scale is equal to that of the conversion tables [2], 
and use of the scale has the advantage of being much more rapid with less chance of 
error. Relative intensities were calculated, giving the most intense peak for each pattern 
a value of 100. 

Results 

Table 1 presents the three most intense lines of each pattern, arranged in descending 
order according to the d-spacing of the most intense line. The data are arranged in 
groups corresponding to the Hanawalt search method [3] to facilitate selection of the 
most probable pattern. Relative intensities are tabulated along with the d-spacings. The 
final column in the table gives the number appointed to the compound of interest as it 
appears in Table 2. 

In Table 2 are listed the complete X-ray diffraction data for each compound, arranged 
in alphabetical order and numbered accordingly. 

Discussion 

1-Ascorbic Acid 

Ascorbic acid is often found in LSD preparations, sometimes with narcotics and 
cocaine. Occasionally, exhibits have been received which were ascorbic acid tablets 
(commercially available), the surfaces of which were treated with solutions of LSD. 

Benzocaine (Ethylaminobenzoate) 

Benzocaine is frequently found as an adulterant in combination with cocaine hydro- 
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TABLE 1--Numerical (Hanawalt) index. 

Pattern 
d, 1~ I/Ia No. 

18.4 
18.3 
18.0 

17.1 
17.1 
16.9 
16.6 

15.8 
15.5 
15.3 
14.6 

13.8 
13.7 
12.5 

11.5 

10.6 
10.4 
10.2 
10.1 
10.1 
10.0 

9.99 
9.92 
9.69 

8.72 

7.98 
7.82 
7.52 

7.06 

6.90 
6.74 
6.74 
6.50 

6.15 
6.13 

19.9-18.0 

4.84 4.35 100 31 18 9 
4.81 4.31 >100 100 57 12 

18.5 5.53 100 86 51 59 

17.9-16.0 

5.65 4.17 >100 100 38 13 
3.48 6.10 100 35 28 57 
4.23 3.87 100 56 45 11 
3.37 3.49 >100 100 38 22 

15.9-14.0 

4.39 5.23 >100 100 55 10 
4.32 5.40 >100 100 61 23 
3.98 3.89 100 56 56 30 
7.31 7.80 >100 100 67 66 

13.9-12.0 

3.48 6.96 >100 100 100 72 
4.72 3.94 100 60 59 44 
4.57 3.46 100 30 20 68 

11.9-11.0 

5.41 3.35 100 60 41 46 

10.9-10.0 

4.26 8.48 100 76 57 52 
14.1 6.26 100 78 39 69 
3.36 5.07 100 80 35 49 

14.0 5.03 100 43 29 7 
4.34 3.91 >100 100 49 4 
5.16 5.02 100 67 34 63 

9.99-9.50 

14.1 12.0 >100 100 84 53 
12.0 4.04 100 58 42 19 
4.53 3.16 100 96 94 25 

8.99-8.50 

5.54 3.77 100 69 66 15 

7.99-7.50 

5.25 9.24 >100 100 86 17 
3.69 5.26 100 68 66 32 
3.38 3.30 >100 100 90 18 

7.49-7.00 

4.51 8.82 100 97 72 38 

6.99-6.50 

5.44 4.42 100 46 41 41 
4.24 3.47 100 99 72 39 
3.62 3.36 >100 100 99 48 
7.25 4.47 100 85 82 55 

6.49-6.00 

8.68 4.08 100 58 41 54 
4.56 7.40 100 43 43 62 
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TABLE 1--Continued. 

Pattern 
d, ~, Ilia No. 

5.88 
5.87 
5.80 

5.73 
5.73 

5.34 
5.34 

5.14 
5.13 
5.07 

4.85 

4.78 
4.77 
4.76 
4.75 

4.61 

4.46 

4.37 
4.33 
4.31 

4.26 
4.22 

4.08 
4.08 
4.07 
4.02 

3.91 

3.81 
3.80 

3.72 

3.60 

5.99-5.75 

11.7 4.68 100 53 29 47 
5.39 5.74 100 77 72 35 

10.8 9.44 100 49 44 40 

5.74-5.50 

12.6 4.23 100 60 29 61 
4.88 3.81 100 96 86 1 

5.49-5.25 

7.80 4.36 100 83 77 29 
6.85 5.77 100 91 87 33 

5.24-5.00 

5.11 3.79 100 97 92 31 
9.82 4.79 100 47 20 64 
3.73 6.32 100 100 90 2 

4.89-4.80 

3.26 3.91 100 58 42 8 

4.79-4.70 

4.24 3.87 100 74 43 5 
4.08 3.68 100 74 53 70 
5.57 3.40 100 88 54 45 
4.53 5.07 100 90 67 50 

4.69-4.60 

4.39 6.82 100 64 29 21 

4.49-4.40 

4.54 4.64 100 50 39 37 

4.39-4.30 

2.92 8.70 100 100 45 71 
6.33 4.18 100 93 80 27 
4.74 2.49 )100 100 44 24 

4.29-4.20 

4.67 8.50 100 .75 29 36 
3.87 4.24 100 100 91 28 

4.09-4.00 

23.7 3.35 100 48 22 20 
6.75 7.37 100 57 53 34 
5.43 4.16 100 79 49 58 
3.27 3.86 100 94 88 51 

3.99-3.90 

5.37 3.14 100 68 23 6 

3.89-3.80 

6.10 6.90 100 84 68 56 
4.74 6.06 100 88 61 43 

3.79-3.70 

4.42 5.32 100 89 61 16 

3.69-3.60 

4.73 4.55 100 84 71 73 
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TABLE 1--Continued. 

Pattern 
d, ~ 1/11 No. 

3.59-3.50 

3.56 5.27 4.67 100 81 78 26 
3.54 4.63 5.53 100 74 66 65 
3.53 7.24 8.24 100 54 51 3 
3.50 5.45 3.21 100 90 62 67 
3.50 3.57 4.09 100 49 41 60 

3.19-3.15 
3.18 8.52 4.48 100 91 72 14 

3.14-3.10 
3.11 9.29 4.67 >100 >100 100 42 

d = interplaning spacings of the three most intense lines 
1/11 = relative intensities 

chloride. Occasional narcotic samples also contained benzoeaine. The X-ray diffraction 
data obtained closely follow those of Owen et al [4]. 

Cqff'eine 

Caffeine has been found in combination with heroin and amphetamines. It is also 
found in many tablet samples reputed to be amphetamine or methamphetamine. 
Crystals of caffeine are very fine needles as seen microscopically. When packed for X-ray 
diffraction analysis the crystals exhibit preferred orientation, producing very intense lines 
at d = 7.42 and 7.52 .~ (a doublet) and d = 3.38 .~, the remaining lines being of 
relatively weak intensity. Therefore, low concentrations of caffeine are indicated when 
lines appear having the d-spacings mentioned above, lines which would .not be seen if 
there was little or no preferred orientation. 

Calcium Salts 

Inorganic and organic calcium salts have been found in a large number of exhibits. 
Perhaps the most common are calcium phosphate hydrate (brushite, CaHPO4.2H20), 
calcium magnesium carbonate [dolomite, CaMg (CO3)2], and the two forms of calcium 
carbonate (calcite and aragonite). Calcium sulfate dihydrate (gypsum) and hydroxy- 
apatite [Cas(PO4)3(OH)], have also been encountered. Excellent data for these inorganic 
substances are found in the Powder Diffraction File. Calcium tartrate hydrate 
(C4H4CaOs.4HzO) has been found in heroin samples and calcium lactate hydrate 
(CsH10CaO 6. 5H20) has been used as a filler in LSD tablets. 

Procaine Hydrochloride 

Cocaine and heroin samples are often adulterated with appreciable amounts of 
procaine hydrochloride. There are some differences between the tabulated data taken 
from film and those in the present paper. 

Quinine and Quinidine Salts 

Quinine salts which have been used as adulterants in heroin preparations are quinine 
hydrochloride (C20Hz4NzO 2. HC1.2HzO) and quinine sulfate (C4eH48N404. SO4" 2H20). 
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There are discrepancies between the data in the Powder Diffraction File and those 
presented here, such as d-spacings, extra lines in the data developed for the present 
paper, and differences in relative intensities. Quinidine hydrochloride (Cz0H24N20 2- HCI. 
2HzO) has occurred in some heroin preparations in place of a quinine salt. Quinidine, a 
myocardial depressant, is much more toxic than quinine, and its action is cumulative. 
No data are available in the Powder Diffraction File for quinidine hydrochloride. 

Saccharin and Soluble Saccharin 

Saccharin or o-sulfobenzimide (CTHsNO3S) and soluble saccharin (CTH4NNaO3S. 
2H20), both tablets and powder, are used in illicit preparations. The tablet surfaces are 
often treated with solutions of LSD or other hallucinogens, and the powder has been 
found in cocaine preparations. Often sodium bicarbonate is also present, an ingredient 
in many saccharin tablets which accelerates their dissolution. 

Starches 

Starch grains have been found in practically all types of illicit preparations. Wheat 
flour has been present in several heroin exhibits. Other starches which are commonly 
found are corn and potato starch. Starch grains are only semicrystalline, having an 
internal regular arrangement of micelles. X-ray diffraction patterns of the starches show 
five or six broad maxima of low intensity, the most intense maximum occuring at d --- 
S~. The starches can be differentiated using a polarizing microscope. X-ray diffraction 
chart recordings of mixtures containing starch exhibit an elevated background, as is the 
case when amorphous or semi-amorphous materials are present. 

Sodium Salts 

Those sodium salts which have been found in combination with controlled drugs are 
listed below. 

sodium acetate trihydrate (in cocaine) 
sodium benzoate 
sodium borate pentahydrate 
sodium tetraborate decahydrate (borax) 
sodium bicarbonate 
sodium chloride 
sodium cyclamate (in cocaine) 
monosodium glutamate 
soluble saccharin 
sodium sulfate 
sodium tartrate 

Only those compounds not listed in the Powder Diffraction File, or where there are 
differences between the data file and the present study, are included in the tables of the 
present paper. 

Sugars 

By far the most common excipient in illicit preparations is lactose monohydrate. It has 
been found in heroin samples, either as the sole excipient or in combination with a 
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quinine salt, mannitol, dextrose monohydrate, sucrose, or many other less commonly 
occurring materials. The X-ray diffraction data for lactose monohydrate in the Powder 
Diffraction File, taken from film, list the two most intense lines having the d-spacings of 
4.35 (1/11 ---- 100) and 4.21 /~ (1/11 = 80), the former d-spacing designated as being 
broad. A diffractometer chart recording resolves the two lines into five distinct and 
characteristic peaks, as shown in Fig. 1, a group of three peaks followed by two peaks, 
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>..- 8 
I--- 
U") 

z 6 
Ld 
t-- 
Z 

22 21 20 
I ',,.,~I....4..,._~ 

19 18 

2e, DEGREES 

FIG. 1--Characteristic peak groups for lactose monohydrate. 

each group without background resolution. The most intense peak is very close to 20 deg 
20, and the three most intense lines make up the triplet; the d-spacings are 4.46 /~ 
(1/11 = 100), 4.54./~ (1/1 a = 50), and 4.64 /~ (1/11 = 39). Crystals of lactose mono- 
hydrate are wedge-shaped and are randomly oriented when packed. There is no pre- 
ferred orientation, even when the crystals are relatively large. Therefore, if a peak of 
another substance in the mixture coincides with one attributable to lactose monohydrate, 
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the effect is additive and easily recognized since the lactose peak would have a relative 
intensity greater than it would be for pure lactose. Dextrose monohydrate and sucrose 
occur frequently as cutting materials. Mannitol, a sugar alcohol, is another common 
excipient in heroin samples. Occasionally anhydrous dextrose and /3-lactose have been 
found combined with controlled drugs. 

Ta/c 

Talc or magnesium silicate (MgaSi4011. H20) crystals orient preferentially, even when 
finely crushed. Two very intense peaks occur in the diffraction pattern as a result (d ---- 
3.11 and 9.29 ~). As is the case for caffeine, indication that talc is present follows 
when intense lines occur having these two d-spacings. The lines appear even when a 
relatively small amount of talc is present in a mixture. Occasionally two different crystal 
forms of talc are present in the same preparation. Only one form of talc is included in 
this paper. Data for the other form, as shown in the inorganic powder diffraction file, 
are adequate for its identification. 

Summary 

X-ray powder diffraction data have been developed or refined for the identification of 
drugs, excipients, and adulterants found in illicit preparations. 
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