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Forensic scientists are currently actively evaluating new instrumental techniques to
determine their potential application for solving some of the problems that are unique
to their field. Liquid chromatography, flameless atomic absorption, electron scanning
microscopy, and thermal analysis offer fertile areas for research and development. Mass
spectroscopy is by no means a new instrumental technique; its application to analytical
organic chemistry has been well documented since the early 1960's [1—4].Unfortunately,
its utilization in the forensic sciences has been minimal up to the present. A major limita-
tion has been the cost and complexity of the instrument. However, with increased fundings
becoming available to many laboratories and with the improved engineering and relia-
bility of the latest generation of mass spectrometers, this technique is becoming feasible
for many forensic laboratories. Its application to forensic drug identification has been
demonstrated in previous publications [5—8].

Since the spectra that are generated by conventional electron impact (El) mass spec-
troscopy are frequently quite complex, materials must be introduced into the mass
spectrometer's source in a relatively pure state. This requirement is usually accomplished
by the separation of a material's components on a gas chromatograph that has been
interfaced to the mass spectrometer. The practical effect of this process is that the analyst
must have some prior information regarding the material's composition in order to
select the proper chromatographic conditions. Consequently, mass spectroscopy has
been limited to a confirmatory role in forensic drug identification, supplementing chroma-
tographic and spectrophotometric techniques.

The recent development of a new mass spectral ionization process known as chemical
ionization (CI) offers the potential of making the mass spectrometer a versatile instrument
that is capable of participating in all facets of forensic drug identification. Basically, a
combined El/Cl source provides the analyst with the option of identifying multicom-
ponent mixtures without prior chromatographic separation, as well as by the more con-
ventional El mass spectral techniques. As a result of the work that has been conducted at
the New Jersey State Police Laboratory, it is apparent that CI represents a major ad-
vancement in the utilization of analytical instrumentation for drug identification. This
paper presents a compilation of CI spectral data for 303 drugs and common diluents,
and discusses various applications that CI offers for the identification of drug mixtures.

Received for publication 13 Dec. 1973; accepted for publication 7 Jan. 1974.
* See Ref 16 for Part I of this paper.
'Chief forensic chemist, supervising forensic chemist, and principal forensic chemist, respectively,

New Jersey State Police, Forensic Science Bureau, West Trenton, N.J. 08625.

463

Richard Saferstein,1 Ph.D.; Jew-Ming Chao, 1 Ph. D.; 
and John Manura, 1 B.S. 

Identification of Drugs by Chemical 
Ionization Mass Spectroscopy--Part II* 

Forensic scientists are currently actively evaluating new instrumental techniques to 
determine their potential application for solving some of the problems that are unique 
to their field. Liquid chromatography, tameless atomic absorption, electron scanning 
microscopy, and thermal analysis offer fertile areas for research and development. Mass 
spectroscopy is by no means a new instrumental technique; its application to analytical 
organic chemistry has been well documented since the early 1960's [1-4]. Unfortunately, 
its utilization in the forensic sciences has been minimal up to the present. A major limita- 
tion has been the cost and complexity of  the instrument. However., with increased fundings 
becoming available to many laboratories and with the improved engineering and relia- 
bility of the latest generation of  mass spectrometers, this technique is becoming feasible 
for many forensic laboratories. Its application to forensic drtrg identification has been 
demonstrated in previous publications [5-8]. 

Since the spectra that are generated by conventional electron impact (EI) mass spec- 
troscopy are frequently quite complex, materials must be introduced into the mass 
spectrometer's source in a relatively pure state. This requirement is usually accomplished 
by the separation of  a material's components on a gas chromatograph that has been 
interfaced to the mass spectrometer. The practical effect of this process is that the analyst 
must have some prior information regarding the material's composition in order to 
select the proper chromatographic conditions. Consequently, mass spectroscopy has 
been limited to a confirmatory role in forensic drug identification, supplementing chroma- 
tographic and spectrophotometric techniques. 

The recent development of a new mass spectral ionization process known as chemical 
ionization (CI) offers the potential of making the mass spectrometer a versatile instrument 
that is capable of participating in all facets of forensic drug identification. Basically, a 
combined EI /CI  source provides the analyst with the option of identifying multicom- 
ponent mixtures without prior chromatographic separation, as well as by the more con- 
ventional EI mass spectral techniques. As a result of the work that has been conducted at 
the New Jersey State Police Laboratory, it is apparent that CI represents a major ad- 
vancement in the utilization of  analytical instrumentation for drug identification. This 
paper presents a compilation of  CI spectral data for 303 drugs and common diluents, 
and discusses various applications that CI offers for the identification of  drug mixtures. 

Received for publication 13 Dec. 1973; accepted for publication 7 Jan. 1974. 
* See Ref 16 for Part I of this paper. 
1 Chief forensic chemist, supervising forensic chemist, and principal forensic chemist, respectively, 

New Jersey State Police, Forensic Science Bureau, West Trenton, N.J. 08625. 
463 

J Forensic Sci, Jul. 1974, Vol. 19, No. 3



464 JOURNAL OF FORENSIC SCIENCES

Experimental

All CI spectra were taken on a Dupont 21-490 single focusing mass spectrometer.
The instrument was fitted with a dual El/Cl source and a differential pumping system.
The unit has a resolution of 600 with a 10 percent valley. The reagent gas was isobutane
(99.9 percent pure) at a source pressure of 0.5—1.0 torr. The source temperature was
2000 10°C. The ionizing voltage was 300 eV in the CI mode. All materials analyzed
were admitted into the source through the direct probe. When pure standards were
available they were analyzed in their salt form; otherwise the materials were extracted
into chloroform as a free acid or base and examined as such. The temperatures selected
varied with the volatility of the compound. A probe temperature at either 100, 200, or
300°C was found adequate for all materials analyzed. Spectra of unknown substances
were taken at all three temperatures.

Five cubic centimetres of urine were made acid at a pH of 2 and extracted into chloro-
form. The chloroform was evaporated to near dryness and 10 1 transferred to a '/2-in.
capillary tube closed at one end. The chloroform was taken to dryness and placed into
the direct probe of the mass spectrometer. Spectra were taken at probe temperatures of
100, 200, and 300°C. Counting isobutane CI spectra presented no difficulty, because at
high gain ions from the sample and background are observed at every mass unit. This
eliminates the need for a mass marker in CI analysis.

Discussion and Results

Chemical ionization mass spectroscopy was first developed by Munson and Field in
1966 at Esso Research Laboratories [91. Whereas conventional El spectra are generated
by the direct impact of high energy electrons (70 eV) with the sample molecules at a
source pressure of 10 torr, the Cl process uses high energy electrons (300 eV) to first
ionize a reagent gas at a source pressure of 0.5—1.0 torr; the sample is then in turn ionized
by these reagent gas ions. An El source must be modified in order to accommodate the
high pressures required for Cl; several authors have described the necessary modifica-
tions that were made [10—12]. Several CI mass spectrometers are currently available
commercially with more manufacturers planning to include CI as an option in their
line of commercial mass spectrometers in the near future.

The selection of a reagent gas will determine the complexity of the spectrum that is
produced. The analyst is therefore provided with enormous latitude in determining the
characteristics and complexity of the CI spectrum. Ionized helium and nitrogen gases,
through a charge-transfer process, produce spectra quite comparable to that of El spectra.
In the presence of methane or isobutane gases, the sample molecule will be ionized
through a proton-transfer reaction. The tert-butyl ion (t-C4H,+) is produced in highest
concentration when isobutane is ionized. The proton-transfer reaction of this ion with
the sample molecules will produce protonated molecular ions (MH+) which undergo
little decomposition [13]. Hence, spectra generated by isobutane CI usually display a
predominant MH+ with little or no fragmentation. Ionized methane will produce com-
parable spectra displaying more fragmentation than isobutane. The majority of drugs
for which isobutane CI spectral data has been collected generally show fewer than four
ions in abundances greater than 10 percent. The comparison of the El and isobutane CI
spectra of heroin illustrates the simplicity of the latter (see Fig. 1).

A good deal of research remains to be done in determining the CI characteristics of
other potential reagent gases. Dimethylamine has been found to react preferentially
with carbonyl compounds, thus offering the possibility that CI could eventually be
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The unit has a resolution of  600 with a 10 percent valley. The reagent gas was isobutane 
(99.9 percent pure) at a so.urce pressure of  0.5-1.0 torr. The source temperature was 
200 ~ • 10~ The ionizing voltage was 300 eV in the CI mode. All materials analyzed 
were admitted into the source through the direct probe. When pure standards were 
available they were analyzed in their salt form; otherwise the materials were extracted 
into chloroform as a free acid or base and examined as such. The temperatures selected 
varied with the volatility of the compound. A probe temperature at either 100, 200, or 
300~ was found adequate for all materials analyzed. Spectra of  unknown substances 
were taken at all three temperatures. 

Five cubic centimetres of urine were made acid at a pH of  2 and extracted into chloro- 
form. The chloroform was evaporated to near dryness and 10 ~,1 transferred to a Y2-in. 
capillary tube closed at one end. The chloroform was taken to dryness and placed into 
the direct probe of  the mass spectrometer. Spectra were taken at probe temperatures of  
100, 200, and 300~ Counting isobutane CI spectra presented no difficulty, because at 
high gain ions from the sample and background are observed at every mass unit. This 
eliminates the need for a mass marker in CI analysis. 

Discussion and Results 

Chemical ionization mass spectroscopy was first developed by Munson and Field in 
1966 at Esso Research Laboratories [9]. Whereas conventional EI spectra are generated 
by the direct impact of  high energy electrons (70 eV) with the sample molecules at a 
source pressure of  10 -7 torr, the CI process uses high energy electrons (300 eV) to first 
ionize a reagent gas at a source pressure of 0.5-1.0 torr; the sample is then in turn ionized 
by these reagent gas ions. An EI source must be modified in order to accommodate the 
high pressures required for CI; several authors have described the necessary modifica- 
tions that were made [10-12]. Several CI mass spectrometers are currently available 
commercially with more manufacturers planning to include CI as an option in their 
line of  commercial mass spectrometers in the near future. 
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FIG. 1—Mass spectra of heroin (El and Cl).

applied for function group analysis [14]. Hunt and Ryan have demonstrated that an
argon-water mixture reagent gas will generate spectra that exhibit the combined char-
acteristics of methane and El spectra [15].

The primary advantage of isobutane CI is that it permits the analyst to rapidly identify
the components of a complex organic mixture without having to resort to any prior
chromatographic separation techniques. This is best accomplished by placing the ma-
terial in the spectrometer's source through the direct probe; each component of the
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applied for function group analysis [14]. Hunt and Ryan have demonstrated that an 
argon-water mixture reagent gas will generate spectra that exhibit the combined char- 
acteristics of methane and EI spectra [15]. 

The primary advantage of isobutane CI is that it permits the analyst to rapidly identify 
the components of a complex organic mixture without having to resort to any prior 
chromatographic separation techniques. This is best accomplished by placing the ma- 
terial in the spectrometer's source through the direct probe; each component of the 
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mixture would then be expected to produce a• predominant M1-i+ peak for identification.
Published isobutane CI drug spectra have already demonstrated the applicability of this
technique to forensic drug identification [16—18]. The isobutane CI drug spectra collection
has now been expanded to include 303 drugs and common diluents (see Tables 1 and 2).
While the simplicity of these spectra would not allow them to be used as a specific means
of identification, examination of Table 1 reveals that drug identification can still be
made with a high degree of certainty by this technique. Of the 303 compounds listed,
14 pairs showed indistinguishable isobutane CI spectra; three drugs—phentermine,
phenyipropylmethylamine and methamphetamine—were also found indistinguishable
from one another. The monosaccharide and disaccharide sugars examined all have
similar CI spectra.

Interestingly, the fragmentation of MH+ can be described by mechanisms that are
analogous to those used in solution carbonium ion chemistry [161. The loss of neutral
fragments such as H20, RCOOH, and NH3 from MH+ are common occurrences, and
are suggestive of the presence of nonphenolic hydroxy groups, esters, and amines, respec-
tively. This type of fragmentation is exemplified by the loss of water at the C-6 position
from the protonated morphine ion (see Fig. 2). All morphine derivatives having a free
C-6 hydroxy group show an ion corresponding to the loss of water from MH+ in the
isobutane CI spectrum.

A major advantage of the isobutane CI drug collection is that it can easily accom-
modate a manual search system. Experience indicates that it is not necessary to resort
to an expensive computerized data retrieval system; a simple arrangement of spectral
data on index cards is found to be most convenient. Data can be retrieved from either
alphabetically arranged cards as shown in Table 1, or from cards that are arranged
numerically according to the major ion present in each spectrum (Table 2). The compila-
tion of a molecular weight index for most drugs listed in the Merck Index (8th edition)
supplements such a data collection [19j.

As illicit drugs are generally received in combination with mixtures of organic diluents,
the CI technique has been successfully applied for their direct analysis without prior
chromatographic separation or solvent extraction [16,18}. It has already been shown
that identical mass spectra are produced by drugs in both their salt and free acid or base
forms [18,201. This observation precludes the necessity of any sample preparation prior to
the insertion of the illicit powder in the direct probe of the mass spectrometer. Figure 3
illustrates an isobutane CI spectrum of approximately one microgram of Amesec®, a
common prescription drug. The four components of Amesec®, amobarbital, amino-
phylline (a mixture of theophylline and ethylenediamine), and ephedrine, are identifiable

H20

FIG. 2—Mechanism for the fragmentation of morphine.
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made with a high degree of certainty by this technique. Of the 303 compounds listed, 
14 pairs showed indistinguishable isobutane CI spectra; three drugs--phentermine, 
phenylpropylmethylamine and methamphetamine--were also found indistinguishable 
from one another. The monosaccharide and disaccharide sugars examined all have 
similar CI spectra. 

Interestingly, the fragmentation of MH+ can be described by mechanisms that are 
analogous to those used in solution carbonium ion chemistry [16]. The loss of neutral 
fragments such as H20, RCOOH, and NH3 from MH+ are common occurrences, and 
are suggestive of the presence of nonphenolic hydroxy groups, esters, and amines, respec- 
tively. This type of fragmentation is exemplified by the loss of water at the C-6 position 
from the protonated morphine ion (see Fig. 2). All morphine derivatives having a free 
C-6 hydroxy group show an ion corresponding to the loss of water from MH+ in the 
isobutane CI spectrum. 

A major advantage of the isobutane CI drug collection is that it can easily accom- 
modate a manual search system. Experience indicates that it is not necessary to resort 
to an expensive computerized data retrieval system; a simple arrangement of spectral 
data on index cards is found to be most convenient. Data can be retrieved from either 
alphabetically arranged cards as shown in Table 1, or from cards that are arranged 
numerically according to the major ion present in each spectrum (Table 2). The compila- 
tion of a molecular weight index for most drugs listed in the Merck Index (8th edition) 
supplements such a data collection [19]. 

As illicit drugs are generally received in combination with mixtures of organic diluents, 
the CI technique has been successfully applied for their direct analysis witLout prior 
chromatographic separation or solvent extraction [16,18]. It has already been shown 
that identical mass spectra are produced by drugs in both their salt and free acid or base 
forms [18,20]. This observation precludes the necessity of any sample preparation prior to 
the insertion of the illicit powder in the direct probe of the mass spectrometer. Figure 3 
illustrates an isobutane CI spectrum of approximately one microgram of Amesec | a 
common prescription drug. The four components of Amesec | amobarbital, amino- 
phylline (a mixture of theophylline and ethylenediamine), and ephedrine, are identifiable 

O 

H 

- tu 0 z 

\ 
N C H  3 

268 

+ 

CH3 
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from their MH+ peaks at m/e (mass per unit charge) 227, 181, 61, and 166, respectively.
Additionally, ephedrine shows a fragmentation ion at m/e 148 due to the loss of H20
from the MH+ ion.

The identification of an unknown drug substance can be facilitated with CI data.
Recently, an unknown white powder yielded a spectrum consisting only of an ion at
m/e 192. Hence, the assumption was made that the material had a molecular weight of
191 and may therefore contain an odd number of nitrogens. Using the natural abundance
of C13, the substance was calculated by the (MU + 1)+ to MH+ ratio to have a maximum
of twelve carbons. This data yielded a probable empirical formula of C12H17N0. Wet
chemical analysis showed the presence of a tertiary amine. Phendirnetrazine was con-
sidered to be a most reasonable possibility and its presence was later confirmed by both
infrared spectrophotometry and El mass spectroscopy.

Perhaps Cl's greatest potential lies in the area of forensic toxicology. The simplicity
of the isobutane CI spectrum seems ideally suited for the identification of drugs and
their metabolites present in the complex biological matrixes that comprise human tissues
and organs. The toxicologist's potential ability to directly analyze the extracts of bio-
logical matter, without prior chromatographic treatment at the high levels of sensitivity
offered by the mass spectrometer, represents a significant advancement to analytical
toxicology. Cl's utilization for making rapid preliminary identifications of drugs present
in the gastric contents of overdose cases has already been demonstrated [14,17].Isobutane
CI has been successfully utilized in our laboratory for both the screening and confirma-
tion of drugs present in the extracts of blood, urine and body organs. Figure 4 shows
the isobutane CI spectrum of an acid extract of a urine that had been spiked with 5 ,Lg/ml
of secobarbital. The MH+ for secobarbital is clearly identifiable at rn/c 239.

The application of isobutane CI to other areas of the forensic sciences offers much
promise. The combination of pyrolysis gas chromatography and isobutane CI for fiber
and paint identification, and the detection and characterization of organic explosive
residues, are areas worthy of exploration.

The versatility of the CI mass spectrometer is enhanced by the operator's ability to
convert it to a conventional El mode of operation. This can be accomplished by either
substituting helium or nitrogen as the reagent gas, or by simply excluding the reagent
gas from the spectrometer's source.

C
'C

C

'C

'C

'C

FIG. 4—Cl mass spectrum of urine sample containing secobarbital (5 g/ml).
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Summary

The application of isobutane chemical ionization mass spectroscopy to the forensic
identification of drugs has been discussed. CI spectral data for 303 drugs and common
diluents have been compiled and presented. These spectra are characterized by their
relative simplicity. The majority of the compounds analyzed show an MH+ peak with
four or less fragmentation ions in abundances greater than 10 percent. A relatively
simple and inexpensive search system is suggested for the identification of drugs and
diluents by CI.

The advent of this new technique as a supplement for conventional El spectroscopy
promises to expand the versatility of the mass spectrometer in the forensic sciences.
The analyst now has the option of either performing a direct analysis on a suspect drug
without prior chromatographic treatment, or alternatively utilizing the unit in a CI or
conventional El mode with a gas chromatograph interface. A variety of reagent gases are
now known, so that the analyst can control the complexity and characteristics of the
CI spectrum produced.

Isobutane CI has successfully been applied for the identification of drug mixtures in
powders and pills as well as to the detection of drugs present in gastric contents, urine,
and blood.
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Announcement
The American Board of Forensic Toxicology (ABFT) is pleased to announce that the

following persons, having successfully passed the Board's Qualifying Examination and
met all other requirements, have been granted Certificates of Qualification in Forensic
Toxicology, thereby becoming the initial group of diplomates of ABFT:

Ronald C. Backer, DABFT James C. Garriott, DABFT
Charleston, West Virginia Dallas, Texas

Leonard R. Bednarczyk, DABFT Phillip Giaquinta, Jr., DABFT
Miami, Florida Hauppauge, New York

Yale H. Caplan, DABFT Lawrence C. Kier, DABFF
Baltimore, Maryland Denver, Colorado

Robert H. Cravey, DABFT Morton F. Mason, DABFT
Santa Ana, California Dallas, Texas

Leo A. Dal Cortivo, DABFT Ferrin B. Moreland, DABFT
Hauppãuge, New York Houston, Texas

Kurt M. Dubowski, DABFT Richard W. Prouty, DABFT
Oklahoma City, Oklahoma Oklahoma City, Oklahoma

Robert B. Forney, DABFT
Indianapolis, Indiana

Erratum
Richard Saferstein, Jew-Ming Chao, and John Manura, "Identification of Drugs

by Chemical Ionization Mass Spectroscopy—Part II," Journal of Forensic Sciences,
Vol. 19, No. 3, July 1974, pp. 463-485. In Table 1, p. 469, the molecular weight of
cannabinol should be 310, and the first mass spectral peak should be 311. On p. 473,
Table 1, the correct information for noscapine should be a first mass spectral peak
at 220 and a second mass spectral peak at 221 (l5Wo).

Note
Reference is made to the presentation at the Plenary Session, Ethics and the Forensic

Sciences, 28th Annual Meeting of the AAFS, Washington, D.C., 19 Feb. 1976, by Leo
Dal Cortivo, Ph.D., entitled, "Ethical Practices as They Pertain to the Discipline of
Toxicology." The title of Dr. Dal Cortivo's presentation appeared in the October 1976
issue of JOFS along with the manuscripts of the other participants of this session with
the statement, "Manuscript Not Submitted at Time of Publication." The language of
this statement in no way implies tardiness or lack of reliability on the part of the speaker.

—The Editor
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