Controlled Substances
Training Manual

1.0 Purpose
The following manual is to be used as a guide in training new criminalists in the
analysis of controlled substances. It may be used in its entirety @01 just the
sections of interest, Each section is to be used with the core dmg SOP found
in the ISP Controlled Substances SOP manual. Special tl is given the Kansas
Bureau of Investigations for their permission to use t @1 anual as the basis for
this manual.

2.0 Procedure
As each subsection is completed both the @%nal 1d the trainer will sign and
date the checklist. Once all training 1s analyst will get a copy of
the checklist and the original will £9 @thc Q' %ager to be kept with the

analyst’s other training records. \\ @%/
3.0 Marijuana Q C)

3.1 Background reading

To include Idaho Co@ctxqg@% % (n)(s) and 37-2707 d(27),

“Drug Identificati es 617-6635.
Woilksheets an orti om@

MJ training»{@ Q N/
TLC traitgmg d@(\ %O
Date@ompletmno Criminalist

@Q

%

Sections 3.2, 3.3, 3.4 and 3.5 are used with the Marijuana SOP.

Trainer

3.2 Physical examination, SOP section 5.0.0
3.2.1 Microscopic examination of cystolithic and unicellular hairs, seed structure.
3.2.2 Seed germination, SOP section 9.0.0
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Date of completion Criminalist

Trainer
3.3 Duguenois Levine
SOP section 7.0.0.
Date of completion Criminalist
Trainer
@fo
34 Thin Layer Chromatography (TLC) 4\0
3.4.1 Basic theory and SOP section 6.0.0 A
3.4.2 Chloroform and Pet ether/ ether systems with fast bh%
Date of Completion Cnmm@g
gnel C) é&
§ @S
3.5 Hashish and Pipes Q 0
Order of analysis and 1epcﬂ@’g dlff&ﬂC@
X\
Date of completion % % Q}Il iminalist
6’5’0 Q Q/ Trainer
s\ RO
N
3.6 Competency tes @@
10 correct analysts of various plant, and other, material.
Qﬁgate of completion Criminalist

Trainer
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3.7 Mock Court
Purpose, layout and critique.

Date of completion Criminalist

Trainer

3.8  Cosigned Case Review
One hundred (100) and letter from trainer, @9

Oy
N
e
Trainer é\()
(<O Qﬁ
4.0 Solid Dosage Drugs é
> &

Date of completion Criminalist

4.1 Background reading @
The Idaho Code, all of section \700

Drug Identification Bible, 20 &\bl@%uons

Date of completlm % Q/Qmmailst
6 Q/ Trainer

4.2 matogg s Spectzometei (GC/MS)
42.1 Heglett Packaid GCANIS tutorial
4 2.2 iew of maintenance procedures and schedules

CReview of documentation and filing system
HP Chemstation software
4.2.5 Review of various temperature programs
4.2.6 Read GC training.doc and MS training.doc
Vq..,zf.? ~~GC/MS SOP.

Date of completion Criminalist
Trainer

Revision 0

Date 9/2002
Training Manual
frainman2




4.3
4.3.1
4.3.2
433
~4.3.4

4.4

4.4.1
4.44'7
4.4.3

4.5

4.6
4.6.1

b.62"

Fourier Transform Infrared Spectrometer

Nicolet tutorial

Nicolet Omni software

Review maintenance procedures, schedules,/and documentation
Spectroscopy[n/‘ﬁi hing,doc and IR trainipg.doc

Date of completion Criminalist 5
] * 0®
Trainer A\
e
Chemical color (spot) tests ‘\Q
Review Clark Q%

pot tests training.doc

<
Spot tests of known standards with vark&u a&;&?
Date of completion . (gl‘im' ist Q/é
— Y
O

X\
Phenethylamine fami@ \\® Q/O

4.5.1 Review Phenet%@ne‘@. &
4.5%238WCT 6 H&Qﬂn@/

M
NS

o w?feg
Date@omple n Criminalist

Q Trainey
O

Cocaine family
Read Cocaine SOP.
Review Cocaine training.doc

Date of completion Criminalist

Trainer
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4,7  Opiates
4,7.1 Review Opiates SOP,

Date of completion Criminalist
Trainer
9
* 0®

4,8  Mushrooms A\
4.8.1 Review Psilocyn/Psilocybin SOP ®\
4.8.2 Review CTMHAIL.doc %
4.8.3 TLC analysis with T1 \0

Date of completion Clin‘n{@g

nd Idaho code scheduling
ning.doc
fiminalist

4.9 Pills, LSD, and general unknans g

4,91 Review references i.e. PD‘K}@JO 0@
4.9.2 Review Extractions. d Cé%HA

Date of completion \\

> AN
6(5'0 OQ \g/ Trainer
s\ O

o O ?qf oo

4,10 Clar ne Labora nalysis (common

4.10.1 R analytical sef€ction sequence.

4.10.2 sphorous

4.1 Sigma Kit

4,1012.2 Other chemical and physical methods

4.10.3 Todine chemical and physical methods

4.10.4 Pseudoephedrine and ephedrine extractions and analytical procedures
4,10.5 Methamphetamine extraction and analysis

Date of completion Criminalist

Trainer
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4,11 Competency test
100% correct analysis of a variety of powders, liquids, and or pills

Date of completion Criminalist

Trainer
4,12 Mock court
Purpose, layout, and critique S
%)
Y

Date of completion Criminalist 6\

Trainer é\()

o‘ Q*
g

One hundred (100) and Ietter from t1

Date of completion 2 O

413 Cosigned casework review g

C&ﬁ%&&
S
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COCAINE

PHASE | TASK #20

HISTORY

Archaeological artifacts show that the use of coca was Wide%ccepted in
ancient cultures of South American Indians. Paintings @\pottery,
ornaments depicting pictures and symbols of the cooca bush and its

N\
leaves, as well as sculptured wood and metal@%}ects dating as far back

as 3000 BC on the coast of Ecuador m@ &@?@e&f coca in both civil
and religious rituals. Relatively re@&'stués@ntiqusty of the use

and cultivation of coca lﬂdlC%&Qhat &@co \aant is native to the eastern

Andes Mountains. Un@g@ d@h é?es in the area continue the

custom of chewm a <</

| A French C%mlst @Sg @nam introduced Europe to the coca leaf by
!mportén@ms of coc@ ves and using an extract from them in many
@gcts such as his "Coca Wine.” Cocaine, as obtained from the coca
leaves, was first discovered by Gaedecke in 1855 and rediscovered by
Niemann in 1859, at which time he gave the compound the name
cocaine. The local anesthetic properties of cocaine were demonstrated
first by Wohler in 1880; however, it was not used medically until 1864 as a

topical anesthetic in the eye.
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TAXONOMY

The French botanist Joseph de Jussieu made the first taxonomical
reference to coca' in 1750. He assigned the plants to the genus
Erythroxylum. Later, Lamarck, another French botanist, published six

new species, including the famous Erythroxylum coca Lamarck, in 1786.

Today, the full taxonomical classification is: A\OQ%
CATEGORY TAXQ%QK
Division (phylum) Spermatophyta O
Class Dicotyledons (shrg@g\an%rees)
Order Geraniales C)OQ &
Family Erythroxyla@ae X, Q/é
Genus Eryth é mKQ @
Species One Ery c marck
\éariety of Species hr &Dca var. ipadu (Plowman)
ne

Species Two @‘lum novogranatense (Morris)
&0 O(\ eronymus

Variety of %e 3{\ roxylum novogranatense var. truxillense
Two &~ (Rusby) Plowman

The@ﬂmg of the g&s name Erythroxylum is considered a hybrid of
@kaoek and Latin. Linnaeus changed the spelling of the generic name to
Erythroxylon, a pure Latin form. Nevertheless, botanists consider

Erythroxylum as the proper spelling since it was derived in accordance

with the rules of nomenciature.

"Note that other literature sources seem to credit Patrick Brown as the founder of the

genus Erythroxylum (in 1756).
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Excluding the wild species of coca, all cultivated coca plants are currently
considered to belong to two distinct species of Erythroxylum including
one variety within each of the species. Specific areas of cultivation for

each follows:

1. Erythroxylum Coca Lam. {or E. coca) -- This is the most important

species from which almost all-commercial cocaine is ck&ed This
species is native to the eastern Andes extendmgé@m Ecuador south
to Bolivia. This was the first type of cultivatedhtoca to be collected and

studied by Europeans and was referreét@as@nuco or Bolivian

coca after the main areas of cult |on Lgcé @/ plants that have

been cultivated for thousa ry@& @:a is now rarely found in

a truly wild state. b 0
A particular varletx{@E Q@B\tha& rants a brief mention since it has

gained sq@@ece@@ot@%s the coca of the Amazon Valley that,

untll@ay, co n@?be cultivated on a very small scale by a
@ber of Indian tribes. It belongs to the species of E. coca, but

Q differs from the typical Andean species and is described as a variety,

i.e., Erythroxylum coca, var. ipadu.
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2. Erythroxylum novogranatense (Morris) Hieronymus -- This is the

second species2 of cultivated coca and is commonly known as
Colombian coca. This species is cultivated throughout the mountains
of Colombia. The species name "novogranatense” refers to the
geographical origin of the plant, Nueva Grenad, the old colonial name

for Colombia. There appears to be little cocaine prodp&)@? based
4\
=2

During the early 1900s, the Europeans createdﬁévc,bcaine industry on one

upon this species.

of the major islands of Indonesia (i.z@%)b@sch farmers adapted

the coca species Erythroxylurpagvogéq' t@to their soil and

AN
climate using modern agritq@al\t@%i * Commonly referred to
as "Java” coca, its tog\ aE%&ano@n was found to be higher than
Colombian coca;@o%e{@%?s&@cocaine content was found to be
XX

much |OWGK$I C@E‘gé{/oca. This variation in alkaloidal content
& O

is attr&@d t@%r@%n climate, soil, and possibly other

<

@onmentaE conditions. The Java coca industry practically collapsed

O

QK just prior to World War Il because of declining prices for coca leaves

from other countries.

20lder scientific publications (prior to 1976) refer to the studies of Morris who described
this type of coca plant as a variety of E. coca. The German botanist Hieronymus was the

first to recognize it as a distinct species.
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3. Erythroxylum novogranatense var. truxillense (Rushy) Plowman -~

This is one recognized and distinct variety within the species
Erythroxylum novogranatense. Itis well known as Trujillo coca’
since it is cultivated near the city of Trujillo in northern Peru on the
slopes of the Andes (as well as the nearby desert coast of Peru). This
variety of (Colombian) coca is particularly rich in metljyb@?cylate (ol
of wintergreen) and other flavoring compounds thqgsﬁr; used in the

production of coca-flavored beverages. (Coc.@CoIa is a popular

beverage that incorporates decocainze{@r@ of Trujillo coca in its

O
preparation.) @Q C)Oé&
& &
> &
MORPHOLOGICAL AN %8 KG@)LC ARACTERISTICS
! ND \Q& HARACT

> O
Bolivian (or Huanuco %\c'a és, &sually large and thick, broadly
3 <
O A

elliptic in shape&y'nte@the%ex, and dark green in color. The
N5 D AV -
underside e %@9 o fines (paraliel) to the midrib. These
Ieave®® hot consi@ed characteristic of this species since they are -
@(@aent to a degree in the other species of coca. The leaves are usually
deciduous after the current season’s growth. The plant grows as a small

to medium size bush usually planted in rows on large, hillside plantations.

This species thrives on moist, cool mountain climates.

3sometime referred to as Truxillo or Peruvian coca.
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Colombian coca can be distinguished from Bolivian coca by its smaller,
narrower, thinner, bright yellowish-green leaves, which are usually
rounded at the apex. Contrary to the Bolivian plant, the Colombian coca
plant holds its leaves on the branches after a season’s growth. This habit
gives Colombian coca a larger, bushier, and robust appearance. In
addition, Colombian coca prefers the hotter, drier climate %@%nves at
lower elevations. Dried Colombian leaves also have @‘n“ore noticeable

odor of methyl salicylate than Bolivian leaves. ‘\Q

Trujillo coca is morphologically similar to %Q%h‘\b@ﬂcoca Trujillo coca

&

has smaller, narrower, and slightly th@er I Cd&are darker green at
maturity. QO \>®
Refer to Table 1 for addq\ésal c@xc%@cs for both varieties of

Erythroxylum co@wd @l oﬁgﬁlm novogranatense.
The genus Egr\y roigﬁ'n%t@\méonly natural source of the alkaloid

cocalne{@\d relat @oum{s. Almost all commercial coca leaves and
coé%e are derived from the species Erythroxylum coca Lam.;
%rythroxyium novogranatense (Morris) Hieronymus, because of its
quick adaptability to different climates, is most likely the dominant species

that is illegally cuitivated for the illicit drug trade.
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SPECIES OF COCA AND THEIR CHARACTERISTICS

Genus, ERYTHROXYLUM COCA ERYTHROXYLUM NOVOGRANATENSE
Species
Varieties coca ipadu novogranatense truxillense
Origin montafia region of | western Amazon | Colombia, desert coast of Peru and in
eastern Andes; of Brazil, Venezuela and adjacent arid vaiiey of the
Ecuador, Peru, Colombia, and Central America, Rio Maranon, Truxillo

and Bolivia, Peru Siarra Nevada de | region on the north coast
mainly between Santa Marta and of Peru
500 - 1500m rugged mountains 6
of Cauca and @
Hucha +C
Description of | pointed leaves, tall, spindly shrub | large bush plant
plant andfor | parallel wilh long weak with small,

narrow, thin, and CJ

upta 3t tall with multiple
ks reaching 4 cm in
D ameter; branches are

leaves longitudinal lines branches and
on leaf undersides | relatively large bright yellow- ' dense erect and spread
elliptical leaves green Ieave%\ leaves narrowly elliptical to
which are blunt or | which are oblong-lanceolate 20-65
rounded af the rounde mm long; medium to light
apex, flowers K Q* green above pale green o
have a shorter QO O ,Slossy green beneath and
flusher pedicel 7 L widrib fluted with slight
and a markedly & % T medial ridge
denticulate \C’ < Q/
staminal tu .&(\ @
only short§gied @ _S0)
morphso. e @)
Odor grassy or haylike \ N wiblelgreen wintergreen
Climate favorable tropical %@.‘?}{61 i , seasonably has been cultivated in arid,
environment with \?b habitat desert climate and wet
high rainfall, ( ooriy dﬁg, resistant to montafia habitat of
moderate ‘Q soalséhort @ drought Colombia; even more
temperature&&i ’(\ tolerant to drought; prefers
well draipe -O O\/ desert conditions
maneraaé:h sos\(\ 6
moist
Adaptability | v tle CSVHHI@ will survive under a wide range of environmental
~ conditions; Resistant to drought
Means of (éﬁéeds cuttings seeds seeds
propagatiof)
most important used for chewing | illegal in principal variety used in

Con&gé?h['

commercial
species providing

Colombia; grown
illegally for coca

beverage industry owing fo
its high content of essential

by far the largest chewing and oils and flavors-several
supply of coca cocaine hundred tons exported to
leaves and production N.Y. for preparation of
cocaine; 95% of extracts, used in making
Peru's crop Coca-Cola
% Alkaloids | 0.6-1.0 unknown 1.0-2.5 1i0-25
% Cocaine of § 70 - 90 very {ilile 20-50 20-50
Total alkaloid
content
Table 1
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Note that the genus Erythroxylum also includes a number of wild species
of coca (reportedly about 200), most of which contain minimal quantities

of cocaine and some of which contain no detectable quantities of cocaine.

CHEMISTRY

Coca leaves contain three basic groups of alkaloids, most o@%?\ich are
W

present in the form of esters. The content of these aI@@ds will vary

depending on the particular species of coca use&{@ge of the plant, where

it is grown, how it was cultivated, and when @g\e%s were picked. A

higher total alkaloid content but with a %alle@a&&content reportedly

occurs when the leaves are plck%éct) 2@9§ e of development; the
reverse occurs when the Ie@s a@%}&
important factor affectlggxhe{@nate/q an alkaloidal extract is the

manner in whtclg%\alk{&i »@/ue refined from the leaves. Listed in

specific gro a e popular alkaloids found in coca leaves:
T

1. Qcéerlvatlves of @qomne
QP

en fully developed. Another

I-Cocaine {(Methylbenzoylecgonine)
cis- and/or trans-Cinnamoylcocaine® (cis- and/or trans-
Methylcinnamoylecgonine) -

c. a andfor B-Truxillenes (Methyl o. and/or p-truxilloylecgonine
or o and/or B-cocaine)

d. Methylecgonine (Ecgonine methyl ester)

Cinnamyicocaine and cinnamoylcocaine have been used interchangeably in the
literature.
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e. Methylecgonidine

2. Derivatives of Tropine (and y-Tropine)®
a. Tropococaine (Benzoyl-y-tropeine or y-tropine benzoate)
3. Derivatives of Hydrine
a. Cuscohygrine
b. Hygroline @6
. N
c. Hygrine \4

In addition to /-cocaine, cinnamoylicocaine and t\@ruxlllenes are
considered the most important coca alkaio;{@%r S@rmaceutsca! use.
Hygrine and its related alkaloids are r p<§ d@%e%’%eent in significantly
large quantities in both varietiea@% ng@ogr nse (i.e., Colombian

and Trujillo coca). Hygnnes@a te&@y @Q&bketone hygroline is the
eafie S
secondary alcohol rela%i to%@r;% d cuscohygrine is a

diaminoketone gﬁmu@s\m@nethyl groups.
0
The phar Qeuu@\ (@‘.@ produces pure cocaine semi-synthetically.

The Q@Smme conversmn process employed eliminates the need to
Qéparate cocaine from related ecgonine alkaloids and produces a much

greater yield of cocaine. Briefly, the procedure involves:

1. Extracting the coca alkaloids previously mentioned from dried coca

leaves and isolating the mixture of ecgonine alkaloids.

°Esters of tripine are called tropeines. y is the Greek symbol for pseudo.
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2. Converting the group of alkaloids to ecgonine via hydrolysis with dilute

hydrochloric acid:

Cocaine »-EcgoninesHCIl + MeQOH + Benzoic Acid

Cinnamoylcocaine ~ —*/-EcgoninesHC| + MeOH + Cinnamic Acid

Truxillene »-EcgoninesHCI + MeOH + Truxillic Acid

(Tropococaine is excluded since it would hydrolyze to pseudotropin and

o

3. Isolating and purifying the ecgonine and convertlng{qﬁc{ts free base.

not ecgonine.)

4. Converting the ecgonine to /-cocaine by benz@%ng the ecgonine
with benzoic anhydride to benzoylecgoné\follcwed by methylation

with methyl iodide. <(O C)OQ é&
An alternate commercial processs nve(@? ﬁated alkaloids to

ecgonine methyl ester (or%@’hyl e@on y hydrolyzing the alkaloids in

methyl alcohol- hydrogng@ch&) &@%ster is isolated and benzoylated
N\

directly to I—coc%r% Ebtﬁ’b& n%%mal process provides the following

O
apprOXImKté‘lelo(\ @%

o
QBried Coca Leaves Cocaine HCI
Q \OQ 145 kgs 1 kg

In clandestine cocaine laboratories in South America, the crude cocaine
process also seeks to eliminate most of the coca alkaloids except
cocaine. The cured process is an extensive operation. It generally

consists of:
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1. a“pasta’ laboratory where all the coca alkaloids are extracted from a
batch of coca leaves and converted to a water soluble (sulfate salt)

pasty material cafled “pasta” or “sulfate” or coca paste;

2. a‘“base” laboratory (optional) where the coca paste is treated to

remove most undesirable substances and to provide cocaine base;

3. a‘“crystal” laboratory where the cocaine base is conv d to cocaine

hydrochloride. @Q

Very often, however, the illicit laboratory * coo{@bbrewa’ces or overlooks a
critical step of the process and causesQQrCJ)@ , impurities, and
cocaine decomposition products Q\ﬁeconé\oa e final product. The

approximate yield from this %8 pr%{@s qe?)»be summarized as follows:

Dried Coca Leaves P s@—-—rooca Base— Cocaine HCI
240kgs \\o M'g/ 0.9 kg 1 kg

if chemical G@&'O{L e%@a too acidic or basic, cocaine can degrade,

as :Ilus@&d in Fi u@@and 2, and the degradation products may

reé%l@bme to form new products. For example, benzoic acid and methyl
Qalcohol will combine to yield methyl benzoate, a sweet smelling, volatile

liquid. Similarly, cinnamoylcocaine and truxilline can decompose,

producing products that can recombine to form new products, such as

CHEMICAL STRUCTURE OF COCAINE
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Figure 1

The cocaine molecule is made up of three bu;c(ryg biocks if chemical
conditions become too acidic or too basic t ca;ne molecule readily
breaks down into these

Cocaine

@ onine
o Benyoylecgonine Methyl

QK f \\ alcohol
B

Benzoic acid

Figure 2

methyl cinnamate and methyl! truxillate. Contrary to earlier studies,

benzoylecgonine, ecgonine, pseudococaine, and cocaethylene are
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believed to be produced during the refining process and are not naturally

occurring in the coca plant.

SYNTHESIS OF COCAINE

in 1923, using 2-carbomethoxytropanone as an intermediate, Willstatter
prepared (+) cocaine along with pseudococaine. At Ieast fO@(’ﬁ’ynthetic
methods have been reported for the synthesis of 2- Q\A\

carbomethoxytropanone. These syntheses rang@om the difficult

cyclization of 1-methyl-2,5- dicarboethoxyp{@%m&\to the simplest, at

least in principle, reaction ofsuccmdlalgéhyd@q @smme and

B-ketoglutaric acid to yield the 5@?1 co@% \n}@v
carbomethoxytropanone. \@statg& @ésm in 1923 involved the

formation of the dlpota%um@t 0 g?omethyl -p-ketoglutarate, which

was then reacte&% m&yt@e and succinaldehyde to obtain the 2-

carbometha@tro@ﬁbn&) e methyl esters of (+) pseudoecgonine and
ecgﬂmne are formg by the reduction of 2-carbomethoxytropanone

Q&?g a sodium-mercury amalgam; fractional crystallization can be used to
separate the two ecgonine methyl esters. The final step in the reaction

scheme is between the (1) ecgonine methyl ester and benzoy! chloride to

yield () cocaine.
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STEREOCHEMISTRY

During the period 1898 to 1923, Willstatter and his collaborators were
able to obtain pseudococaine by transformation of (-) cocaine and by total
synthesis. At the time of this early work, stereochemistry was in its
infancy. Based on chemical studies regarding ecgonine and tropine,
Willstatter incorrectly assigned pseudococaine a structurpx&?has both
the C-2 carbomethoxy group and the C-3 benzoyloz%@%up axial.

Instead, later studies show that pseudococame@&é both the
carbomethoxy group at C-2 and the benz y p at C-3 in equatorial
position. ’ ®<< \C)O é&

CHy O ~OCH3 /OCH3
o F @Ha — L%
" 4/ Q o
E} o(\ \/
COCAINE 0 %oQ@« ALLOCOCAINE  y-ALLOCOCAINE
FS v

@Q

Q‘wo other cocaines, allococaine and allopseudococaine, were
synthesized and characterized by Findley in the 1950s. Again, problems
arose with the nomenclature used in representing the stereochemistry of
these compounds. Using Findley’'s assignments, the carbomethoxy group
at C-2 and the benzoyloxy group at C-3 were equatorial-axial,
respectively, for allococaine and axial-axial for allopseudococaine. More
recent nomenclature places allococaine and cocaine with the same
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stereochemistry at the C-2 position, that is, the carbomethoxy group is
axial. Pseudococaine and allopseudococaine have the same spatial
relationship at the C-2 position; viz., the carbomethoxy group is equatorial.
Thus, the cocaine molecule has four asymmetrical centers which give rise
to eight sterecisomers arranged as four diasterecisomeric pairs -- d,/-

cocaine, d l-pseudococaine, d,/-allococaine, and dl-allops&@%cocalne

%Q
SAMPLE ANALYSIS
\0

The detection and identification of cocaine {@S}Jg@cceptable analytical
methods generally presents no probi%% ho@%@most instances,
pure cocaine is not presented foeﬁﬁalyi@%@%hen diluents and
aduiterants have not been@ed& me the sample usually
contains impurities re@ng%@n t@@gmal isolation of the alkaloid. For

example, cis- a%dﬁns@%an@!oocame are usually present in iflicit
cocaine sa@‘&esﬁg‘k onine may be present in many cocaine

samp@i\ﬁﬂd should @ehmmated by a basic extraction since its UV is
@gr to that of cocaine. Note that the detection of benzoyi ecgonine (as
well as ecgonine) by UV, GLC, or TLC can be difficult because of the

polar nature of the acid group at C-2.

A second complication in the analysis of cocaine samples results from the
presence of adulterants. Many of the “caines,” such as benzocaine,

lidocaine, procaine, and tetracaine, are commonly encountered.
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From a practical standpoint most of the analyses conducted at the ISP
Laboratory will utilize capillary GC/MS for the identification of cocaine.
The high resolution capabilities of capillary GC will easily separate

cocaine from most common adulterants and diluents.
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DISCUSSION QUESTIONS

Is cocaine is a stimulant or a narcotic?
Name two countries that produce the majority of cocaine.
Name one country prominent in the smuggling of cocainez,

Draw the structure of the four cocaine isomers and s@&v the
equatorial/axial relationship for the carbometho%%roup and the
benzoyloxy group for each isomer. . 0

Draw the structures of procaine, lidocaj teé aine, and

benzocaine. Are they related to cc@%e’c)o %
Describe the process of prepaq&; {@k @&m
Q°

Draw the cocaine mole,@e an@ndl hat portion of the molecule

)
the 82, 182, and 2%100% %

O A
Describe @oc%ﬁ\bb&h Colombian chemists convert the crude
cocasn@as@e@cocame hydrochloride.

10. 5@&CISES

1.

2.

Prepare a sample of “crack” cocaine from cocaine hydrochloride.

Obtain a sample of procaine base mixed with cocaine base. Via
Infrared analysis, prove that the sample contains cocaine base. (In
other words, separate the cocaine from the procaine without

converting either to its salt.

Obtain an infrared spectrum of Cocaine Suifate. Compare with the

spectra of Cocaine HCl and Cocaine base.
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EXTRACTION TECHNIQUES

PHASE |

SOLUBILITY

In the field of forensic chemistry, the main purpose of an anglysis is the
identification of the substance in question. For this reasgxoeach active
ingredient of a mixture must be isolated from other%@!ple constituents.
There are different ways to achieve this, one of‘t@ simplest being by use
of the varying solubility properties of chemi mpounds. Solubility is

the capacity of two or more substance%&%r @n&neousiy, without
chemical reaction, a homogeneous&@lecdq&r idal) dispersion.
More specifically, the solubility @ oIIQQ} a refers to the
concentration that is reach{éﬁe{é&%e ajtfount of liquid has dissolved
the entire solid it can h r{ét e&@ﬁbrit@@t a specific temperature). The

solubility of solids in @uads@tgg{%yn very low fo very high values.
Because of this& 66(% bitifies, the word “soluble” does not have a
precise me n\‘l Q@?e }%(Quaily an upper limit to the solubility of even

the mo luble soli ile even the least soluble would yield a few
o

disspled crystals per liter of solution. Table 1 below lists descriptive
93 for varying degrees of solubility with corresponding (but indefinite)

solubility ranges.

Determining the exact solubility of a substance is not required for drug
analysis; however, knowing the approximate solubility properties of
substances is extremely useful for the separation of constituents in simple

drug mixtures.
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Descriptive Parts of Solvent Required
Term for 1 Part of Solute

Very Soluble Less than 1
Freely Soluble From 1to 10
Soluble From 10 to 30
Sparingly Soluble From 30 to 100 S
Slightly Soluble From 100 to 10@6
Very Slightly Soluble From 1600 @%,000
Practically Insoluble or Insoluble More trje)n 0,000

Table 1 - Descriptive S&.@%‘E&es
<<OK ()OQ &
S

DRY EXTRACTIONS % X
W
Dry extraction (sometimes r@?ed&gz c@gg extraction) is one of the
X N\

simplest separation te igues @ow Qs based on the premise that the
substance of interes@n a s@p esfixture is soluble in a specific solvent
. S : :
while all other c& on&(@'o t{@sample are insoluble. A dry extraction
procedure is‘pa o@ﬁe tive scheme and involves titration of a
portion @ simp r with a specific solvent, filtration, collection of
the ct, and evaporation of the extract to dryness. The resulting
?@ue would be the constituent of interest, in a fairly pure state, available
0

r specific identification studies.

Generally, samples of cocaine (base or HCI salt) intermixed with any
sugar and/or inorganic bicarbonates can be dry extracted with chloroform
to separate the cocaine from its diluents. Although cocaine is very soluble
in methanol, it would not be a suitable extracting solvent for these
mixtures. Since sugars are sparingly soluble in methanol, a dry extraction

of the sample powder would not only remove the cocaine, but it would
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dissolve some of the sugar as well and ultimately provide an impure

product.

The most common organic solvents used for dry extractions are
chloroform, methylene chloride, ethyl ether, and methanol. These
solvents must be used in an anhydrous state. Prolonged standing of
partially filled solvent containers may allow moisture to accumulate to the

point where its use may introduce separation difficulties in t%@iry

extraction process. A\O
=3
CRYSTALLIZATIONS O
06\

Crystallization is a method commonly used\@r IS

@on and purification of
one or more substances. In crystailizaﬁég? a@@s@s& containing
impurities is dissolved in just sufﬁc\i@?so @éﬁt @xe a saturated or
nearly saturated solution chsQOQhQ\@?g@% of the solvent. If

necessary, the hot soiven}ggﬂlt redhan cooled rapidly with
occasional stirring. Crﬁs}éls&@kﬁj@ed substance will precipitate out

with only a minor sqgm é@n iti€s (compared to original sample
powder) bec @ he I Urated solution formed is not saturated

with the | @ntie@%i%cjherefore, remain in solution.
S

If onl %e compoung separated from its impurities, the process is

éqﬂb a simple recrystallization. If two or more pure compounds are
eparated from a mixture, such a process is termed fractional

recrystallization. Recrystallization should be repeated as many times as

necessary in order to reach the desired level of purity.

The effectiveness of crystallization is determined by two important factors:
1. The solvent power, and

2. The crystallization temperature coefficient.

The power of the solvent is expressed as the mass of solute that can be
dissolved in a given mass of pure solvent at a specified temperature. The
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crystallization temperature coefficient is an indication of how “powerful” a
solvent is at different temperatures. The “power” thus determines the
volume of solvent to be used, while the temperature coefficient

determines the yield.

Selection of the proper solvent is based on several conditions. For
inorganic substances, water is the ideal solvent since it is inexpensive and
readily available. For organic substances, a variety of quuidé(etones,
ethers, chlorinated hydrocarbons, or aromatics can be \%&, A mixture of
these can be used when a substance is highly so!u@n one and only

slightly soluble in the other. é\O
Other factors to consider for proper solven{@ ectiog are volatility,

viscosity, flammability, toxicity, flash p&Q C eﬁ'{c properties,
availability, reactivity of so!venﬂsol\\@an@urit ﬁrity is extremely
important since a contaminat@@tvi%&n i it a substance from
crystallizing or impart an u@sirab\@co ing to the crystals.

The development of dﬁa\r'en@yst i@forms (needles, rods, efc.) is
caused by the fo;@on wj'\gff 'ﬂst crystal habits or by polymorphism.
Different cry, @abi@% @d’uced when the environment of the growing
crystal affebts it er ape without changing its internal structure.
This @se\'\%)menon is@used by such circumstances as super-saturation at
d'@%nt points in the solution, proximity of one crystal to another, cooling

Qate, degree of agitation, size and number of nuclei.

Polymorphism occurs when the same compound exists in one or more
crystalline and/or amorphous forms. Different polymorphic forms are

produced, depending on such factors as;

1. The surface on which the crystals are formed

2. The type of nuclei introduced

3. The temperatures at which spontaneous crystallization occurs

4. The type of solvent used. |
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Polymorphic forms of a compound's crystals can be distinguished by
melting points, light microscopy, X-ray diffraction, infrared spectroscopy,

and other techniques.

Although crystallization is an excellent method for the production of pure
substances, it is a tedious and time-consuming procedure. The success
of this technique depends largely on the care taken when scratching the
surface, adding the proper crystalline form of the nuclei (als%(mown as
“seed,” “germ,” or "submicron”), controlling the cooling ra&&oetc There
are three common techniques of inducing Cl‘ySta“IZ%@)

1. Leaving the sample open to the enwronment@lst sometimes induces

crystallization) 6{\
2. Placing the sample in a refngeratorQSBh

3. Placing the sample in a desme{@! (h{@}& %asens)
When time and sample 31z¢\@rm\,®$ e should be divided into
|

three different portions; ques attempted
simultaneously. Thef the @ m@hibltmg the best crystallization can
be selected for&@‘t u n&ystall;zaﬁon begins, the surface of the

container cé\b é@&fzh @nd the “germs” dispersed).

PA@FIONING AND DISTRIBUTION

Q'he extraction or removal of a constituent of a solid mixture by contact

with a suitable solvent or by transferring the substance from one liguid to
another (immiscible) liquid is called distribution. The distribution of a

solute between two immiscible liquids is called partitioning.

The distribution law governs the partitioning of a solute between two
immiscible solvents. This law is expressed in terms of solute
concentrations (C) in each liquid phase, independent of the total amount

of solute (A) present. If the solute A is allowed to distribute itself between
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water and an organic phase, the resulting equilibrium can be expressed

as.

Ay © A,

© At equilibrium, the ratio of phase concentrations is constant and is termed

the partition coefficient or distribution coefficient (K).

A i C
_ (A organic) o k=le Q%
(A aqueous) Cw A\O
%)
Where Co = concentration of A in organic and Cw %ncentration of Ain
aqueous phase. @\
o)

The values of C can be determined exp @ent %nd plotted as Co vs.
Cw, in which the slope equals K. Thi@p t 'Ls\,'Galier%g partition or
distribution isotherm and should 8g\$'ﬁea(\Q(H r, there are

exceptions; e.g., the formatioan ag\i@ér @t&een the solute and one of
the solvents.) \(5\' b\ 0()

<
For a simple or sin |®extri®§n i %ich K is known for a particular
system, one cab® er@ t@action of the solute in each phase at

eQUiIibrium,éu}%Qo@%o

¥SYraction of (Rs 2olute in the organic phase
S
q = fraction of the solute in the aqueous phase
O

Qﬁthat,

_ amount of solute in the organic phase
total amount of sclute

Solute amounts (moles, efc.) can be expressed in terms of concentration

and volumes, as follows:

Solute in the organic phase = (Co){Vo), where Vo = volume of

organic phase
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Total solute = [(Co)(Vo)] + [(Cw)(Vw)], where Vi = volume of
aqueous phase.

To simplify, substitute volume ratios expressed in terms of U, as follows:

Since p + g = 1 by definition and U = Vo/Vw, one can expre%% and ¢ in

terms of K and U: 4\
@
KU . 1 o)
P= KU+ an ket oV
@Q
\

LIQUID - LIQUID EXTRACTIONé( O é&
(</

The selective power of the ex @g IQ%S eparating and purifying
drugs is vastly expanded V\g@? &:lg!e solvents are employed
simultaneously in a ligu %@r’ut@ g or “shake-out” procedure. In
this process, a dru\g\@soi{ |n g@Solvent (usually the aqueous phase)
may be separat@‘ rb&co% ying impurities by shaking out with a
second lmﬂé(;l i e organic phase) in which the substance
sought uite so b@%t the impurities are not. Removal of the organic
phaQQdontamlng the desired compound with impurities retained in the

Q&ueous layer isolates the desired component in a purified solution. In
other instances, the impurities may be in the organic phase that is initially
removed and the compound of interest retained in the agueous layer.

The classical apparatus used in accomplishing this segregation of
immiscible phases is the separatory funnel. Other extracting devices such
as the mixer-extractor-separators, liquid-fiquid extractors, super-critical

fluid extractors, etc., are commercially available.

The shakeout procedure has been widely exploited for the qualitative and

quantitative separation of drugs. lts use is dependent upon the availability
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of two convenient immiscible solvents in which the substance sought
shows a distribution coefficient considerably different from that of

accompanying impurities or secondary products.

Theoretically, a single extraction for the quantitative recovery of a
substance is feasible when K is 10 or greater (and accompanying
components partition coefficient values are small). In practice, however,
even if the distribution coefficient is extremely large, a single éxtraction will
not quantitatively extract the substance of interest. th&&&lses this
deviation from the theoretical is that part of the organi@phase (containing
some of the substance) remains in the agueous. @ase within the
separatory funnel because of the impossibili ieve complete
segregation of the separatory phases, i@ an&@g ontributing factor is

that the organic phase will adhere to su gé {@e separatory funnel.

To achieve a quantitative rec &@ the Q%a process of the original
phase (usually the aqueou§\ asa{é%s&)epeated with fresh portions
of the organic phase (fl‘%@ g rst extract and washing with
solvent as needecQQ(Dhe E{@Ct&% washings are combined for

quantitative me%& n’6ﬁ¥

One can de@s}m %e %r of extractions needed by determining p
and q vq’ﬁu s, If one @culates the progress of the extractions, the

foEE@ng conclusions are reached in the Nth extraction:

Q1. Fraction of the total extracted Fraction of the fotal left after
in the Nth extraction (N-1) extraction times p;
written as; pq®™’

ipq‘”‘”
N=1

N

2. Total fraction extracted

3. Fraction remaining = q

A more efficient extraction is achieved by performing several extractions

rather than a single one utilizing the same total volume of extractant.
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The factor determining the success of a separation by extraction if the

separability factor B, where B = Ky / Ko,

The more B deviates from unity, the more feasible the separation.
Although the most important factor in the separation of two substances is

the difference between their distribution ratios, there are other factors to

consider:
1. Nature of the solvent -- solubility of solute in it (polar, noQ%blar, etc.)
2. Ease of recovery of solute from soivent é\
3. Miscibility of the two phases P
4. Relative specific gravity é\o
5. Viscosity \@Q *
6. Tendency to form emulsions {<O OQ &
@)
7. Toxicity and flammability ,\QQ é

Acid-base extractions are con@ﬁ) e@}ﬁo@liquéd-liquid partitioning
to isolate a compound (or a\moup\& ' ompounds) from a complex
matrix and to retrieve Qg\@)l{@cor@)und in the form of a concentrate
for further study. %@e pﬁg@\miﬂ(é@re extraction procedure, the retention
of a compound &écidéﬁ‘oa 'c?dution provides some general clues
about the c@qpo C"F mple, most basic drugs are soluble (and
retaine@:‘ﬁq acid sol nd insoluble in basic solution. Most acidic
dru @re soluble (and retained) in basic solutions and insoluble in acid
Q&ution. Neutral drugs (as well as a few basic drugs) are solubie, as well
as extractable, from either acid or basic solutions. There are a number of
qualitative schemes devised for the extraction of different types of drugs.
These schemes should only be considered as a guide since a forensic
chemist must usually modify a selected scheme in order to accommodate

the nature of the sample and the resolution of a specific problem.

To bring two immiscible solvents into close contact and to establish the
equilibrium distribution of the solute sought, one must shake the solvents

in a separatory funnel. The purpose of the shaking is to temporarily
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emulsify the phases so as to increase the interface at which the exchange
or partitioning of the solute occurs. However, long or violent agitation may

cause the two phases to form a stable emulsion.

Stable emulsions are one of the main problems encountered when
conducting acid-base extractions. As a rule, alkaline solutions emulsify
more readily than acidic solutions. For an emulsion to break,
sedimentation and coalescence of the droplets of the dEspe%i phase
must occur. The settling will decrease as the viscosity c&&éases, the
density difference decreases, and the drop size de%@ées.

In systems where emulsions tend to occur, one'@&f& use one or more of

the following techniques to limit emulsion fi@tion%or stability:

Give special attention to the metho&o?a@g@?

1 i\
2. Choose solvents which will nok@%t 6@7}@th the solutes;
3. Choose liquids with large i@eQaqk@ens@ :
4. Filter to remove any s { b @extraction;
5. Increase the retati\@\bl of &/@rganic solvent;
6. Filter the emuls@@th%@n@e porous substance to induce
coalesce O O(\ N/
& ©0° .0
SN
'S
Q@
©

%
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READINGS

1. Microgram, Vol. XVI, No. 1, Jan 1983, “The ANOR Extraction

Procedure”

QUESTIONS

1. List some methods used to differentiate crystal habits f@
polymorphic forms.
%Q
2. Compound Y has a partition coefficient of 4 h\@)water/ether system.
Show that for a 10 mL aqueous solution ore efficient

extraction can be attained by using Q@"m r@&% ions of ether rather
than by using a single 40 mL po&@ of g' Q/é

3. Predict whether or not the@)cam@}c ’@bcame Base, Phenobarbital
and Phenobarbital S d@m i}h é@ in the following solvenis. For

here we will say tha%tssﬁ{@

at least sparingly soluble.

‘(\ &
a. HyO OQ &
b. iMN \) 3(\
c. CH Q @%
d. | ether O

eQ@cetone (predict for only Cocaine HCI and Cocaine base)

QK Devise a dry powder extraction scheme to separate the following

mixtures:

Cocaine HCIl and Mannitol

Cocaine Base, Cocaine HCI and Inositol
Cocaine HCI and Nicotinamide
Amphetamine Sulfate and Lactose
Caffeine, Heroin HC| and Lactose

®op o

5. Devise a liguid-liquid extraction scheme to separate the following

mixtures:
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a. Cocaine HCI and Mannitol (will cocaine still be present as the HCI
salt?

Cocaine Base, Cocaine HCl and Inositol

Cocaine HCI and Nicotinamide

Amphetamine Sulfate and Lactose

Methamphetamine and Phenylacetone from a two-layered liquid

® 0T

8. Devise a method of your choice to separate the following mixtures:

a. Phenobarbital and Stearic acid
b. Methamphetamine HCI, Amobarbital, and Starch ®6

O

7. You are given a sample from a clandestine methamqh\etamine

laboratory. it consists of 2-layers. The bottom is agueous with a

pH of 12. How would you extract and anaiy;e(t)h' sample with respect

to methamphetamine? 6\

(\
@ 3
<<O C)OQ é&
%

EXERCISES RS >

1. Obtaina phenobarbitaizéﬂac@gﬁwi from your training
instructor. Extract halfdhe ur@a ether and water. In which
solvent do you e)@ect t@% henobarbital? Evaporate the correct

\) . .
solvent and 6 thoébh n@arbltal by IR. Extract the remaining
portion o }e m‘e@re chloroform and water. Again, isolate the
phe@arbita}}n fy by IR. Explain any differences you may find
ib%e IR spectrums.,

Qﬁ Obtain a methamphetamine HCI, secobarbital, caffeine and sugar
mixture from your training instructor. Devise and conduct a separation
of all four individual components. Obtain an IR of each individual
component. Run the three organic soluble compounds on the GC/MS

to verify completeness of isolation.
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GAS - LIQUID CHROMATOGRAPHY

Phase Il

1. GENERAL

In 1842, Martin and Synge developed a partition method of c\r@nﬁatography, in
which the solute (material to be chromatographed) is p@r@ﬁed between a
stationary liquid phase absorbed on an inert suppothahd a moving liquid which is
only partially miscible with the stationary phag@g\\t th?\time, they pointed out that
the moving liquid phase could be repif:l(é;@%ith\'@%@s& one. Martin and James
exploited this suggestion and, in @\,\p%ﬁ%@e&&per that marks the birth of gas
chromatography. Deveiopmn;g&ft ésf;\}h@gé was rapid, with the petroleum
industry, in paﬂicular,@gﬁ:&%@? its advance.

\e}(b c)O(s\\' \i(/
Gas-liquid chrc@%ﬂt h@C) is a method of separating the components of a
volatile n@%re by distrii@ng (partitioning) them between a stationary liquid phase
anQ&%oving gaseous phase. The stationary phase is loaded into a tubular column
and gas is passed through the system. The sample is placed at the head of the
column, vaporized, and passed down the column by the carrier gas. At the column

exit is a device for detecting the solute as it is eluted from the column, The signal

from this detector is amplified and displayed on a data system.
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Any of the permanent gases, with the exception of oxygen, can be used as the
mobile phase. From a theoretical standpoint, the lighter gases are more desirable.
Hydrogen is to be avoided as a carrier gas because it is explosive and, in some
instances, reactive with the solute. Helium is an excellent gas for GLC, but its use,
because of cost, is restricted to situations involving certain types of detectors.
Nitrogen is the carrier gas normally used in packed GC colum&@%omatography, and
helium is the preferred carrier gas in capillary GC co!umr@h*rzmatography.

O
2
PR
2. COLUMN SUPPORTS AND PHA&%OQ
X é&

%
The heart of any gas chromatograph\gq?s c@&t@e column tube can be made

o X
from a variety of materials inclu%‘% mi& a ss. Glass is preferred for its
XA
chemical inertness. If the@@i\@@l w@a liquid-coated solid support, it is called a

AN
upackedu COIUmn; ]f tﬁne&@i

is called an op%\}u?ulesoor@m/ry column.,

@smalt diameter tube is coated with the liquid, it

In order to@;ninate ‘ac@g?ites" on the various supports, great care is taken in their
%, : '

man{@ure. Such sites are usually ~-Si-OH, onto which the solute can be adsorbed,

Ieging to poor peak symmetry, possible irreversible adsorption, and even

decomposition of the solute.

The rate at which the solute molecules pass through the column depends upon two
factors:
1. Their affinity for the stationary phase

2. Their vapor pressure at the column temperature employed
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The vapor pressure of solutes increases with increasing column temperature,
thereby causing the solutes to elute faster because of less residual time in the
stationary phase. A mixture of solutes of widely varying volatilities can thus all be
eluted from the column in a singe run by starting at a low column temperature and

then raising it. This technique is known as temperature programming.

9
0

When a solute is distributed between two phases under @iven set of conditions
(temperature and pressure), the ratio of the concen@tion of the solute on the
stationary phase (Cy) to the concentration of tt{@&alut in the mobile phase (Cw) is

O
referred to as the distribution or partition é&fﬂci@f‘? Kéf%d is expressed as K =

b

C./Cwn. Separation of two solutes @%GL{Q&?&Q@% their K values are different.
separation that cannot be achi@ed \%ﬁ&ﬂar stationary phase may be possible
on a polar phase if the twgﬁ%lutggar f@fferent polarity. As a general rule, “like
dissolves like." He&@,\eono@o%\@onary phase, a solute of greater polarity will
be more stron@sr\et @%’ I K value) than a solute of lower polarity. In addition
fo being @ﬁd solvent@the solutes, the stationary phase should be:
1.@{@%%”3/ stable

2. Nonvolatile at the temperature used

3. Of low viscosity (in order to form thin films on the support)

For drug analysis, the most common liquid phases in use are the silicone gums and
fluids. OV-1 and SE-30 are silicone gums and OV-101 and CD-200 are silicone

fluids. All four liquid phases are methyl silicones whose active groups are 100%

methyl groups. As a result, all four are nonpolar phases and all are considered
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chromatographically equi\.fale-nt.1 OV-17, which is a more polar phase, consists of
50:50 methy! silicone: phenyl silicone, which means that 50% of its active groups are
phenyl and 50% are methyl groups. Generally, as the phenyl content increases, the
polarity increases. Furthermore, substitution of more polar groups, such as -C=N or
-CH,CH,CF,, creates an even more polar liquid phase. Note that on a nonpolar
column, the individual GLC peaks will emerge according to theai)@%iling point, while
on columns prepared with various polar phases, the indi\@ual components will be
retarded according to the interaction between their ‘g\ﬁlar groups and the active

groups of the particular phase. *
(<O
§° §
3. COLUMN EFFIC!ENCYQ \Q) \)

The efficiency of a part:a@@@mn@iependent upon the substance being

chromatographed, tq@%lta&ﬁe @mon of the substance in the mobile phase and
N\

mass transfer m& st@ﬁha@ase the operating conditions of the GC (such as

flow rate %{ﬂﬂemperatu@%e quality of the packing material, the uniformity of the

pack'{@Q/ithin the column and column and system geometry.

A measure of the efficiency of a column is obtained by calculating the number of

theoretical plates, n, in the column with the equation:
t. ) i,
=16/ 2| =554 1
4 (WJ [WJ

'Liquid phases termed equivalent or identical may sometimes reflect dissimilarities due to different
polymerization grades or the presence of impurities.
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t= = retention time of the substance (seconds)
W, = the width of the base of the peak obtained by extrapolating the
relatively straight sides of the peak to the baseline (seconds)
Wp= peak width at half height (seconds)
Note that n obviously will vary with the length of the column. To compare the
efficiency of columns of different lengths, one can determinq\%@?eight equivalent to

one theoretical plate by ratioing the column length (L) to @e number of theoretical

plates n as follows: O
P \
HETP =h=Lin <
\\

< cR&
2 KO

RPN

NN

4. ccpeTECTORs <° @

3 2SO
In principle, it is possible @mk\@@ f@y physical difference between the pure

carrier gas and carri s s as a method of detection of the solute. Abou
[ d 60 O’%‘ thod of detection of the solute. About

40 different de%g}ars Q@g

O

%@ escribed in the literature. One of the most
commonlé.@xd detecto@ forensic laboratories is the flame ionization detector
(FID{O{Rﬁs detector contains a hydrogen flame, the resistance of which is monitored
by means of polarizing electrodes. The introduction of the solute into the flame
increases the ion concentration in the flame, thus resulting in a decrease in the
resistance of the flame with a corresponding increase in ion current. This current is
then amplified and recorded. Others that are sometimes used include the nitrogen-

phosphorus detector (NPD) for its specificity, and the electron-capture detector

(ECD) for its high sensitivity to halogen atoms.
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5. SOLVENT EFFECTS

Ideally, a nonpolar solvent should be used to dissolve the sample; however, ideal
solvents are rare in GLC because of the differences in solubility and polarity between
sample and solvent. Almost any solvent can be used as a vehicle fo introduce a
compound or mixture of compounds onto a gas chromatographic column. The only
limiting criteria is that the desired compound(s) be soluble i&.@%solvent and that the
solvent selected be compatible with the GC detector. @@requirement, for example,

eliminates the use of halogenated solvents with el@\cr{)n capture detectors. With the

use of packed columns and flame ionizatig@%ct(o@]as chromatography is fairly

&

immune to the ill effects of small amo\u\e}@of %Qg&l%ﬁparﬁculate matter injected
into the instrument. Over long pe@@. c{'@u% @ver, these effects may
accumulate, Continual in}e@%f @\% @matter, such as insoluble sugars,
creates a buildup of mateyial a&@?y{@beginning of the column that serves to

X Q Q/
promote the bre @@ﬂ o@n itive”compounds. The combustion of halogenated
AR

solvents at @@ID d@t@ms mineral acids {(e.g., hydrochloric acid) that are
corrosi\QQo the hardware of the detector. The use of certain solvents will gradually
O

"s@)&the column of its stationary phase, reducing the level of coating and its
effectiveness as a chromatographic medium. Although these problems may not be
evident during the short period of time that a gas chromatograph is used during an
analysis, they constitute maintenance problems that must eventually be attended to

in order to ensure continued efficient use of the instrument.

6. INTERPRETATION

G.C.training.doc Page 6 of 17 9/16/02




Chromatographic techniques alone are sometimes sufficient for an analyst to identify
the components in a mixture with a high degree of certainty, or at least {o narrow
down the range of possibilities. Such identifications are based on the fact that for a
given column under fixed operating conditions a particular solute is eluted by a
definite volume of carrier gas. When the carrier gas is flowing at a constant rate, the
retention of the solute can be expressed in terms of the retep@ ime. The retention
time of the sample solute is then compared to the retenti@st;ne, under the same
chromatographic conditions, of a solute of known id@iity. Since the use of one
stationary phase is not sufficient to state with d(@gh @ree of certainty that a given
m@?n@s is necessary to repeat the

no

o

analysis on a stationary phase of i@knt{@eri ifNSrder to be reasonably certain
%)

component is identical to the compound&&
of the identification. Suppleme\ﬂary @ho@ ch as infrared, ultraviolet, nuclear

~ B 9 inedt wi |
magnetic resonance, an(d) SSO@S{@C py may be combined with GLC to provide
a more positive ide&&ttioﬁs\\' Q/

OO AV
NI ©)
SN

Althoughg@ can provi@quantitative information about a sample, a number of
SOQQQ of error can oceur, and these must be minimized in order to increase the
accuracy of this technique. Such error sources include:
1. Adsorption problems
2. Measurement of the amount of solute injected
3. Measurement of the instrument responses to a solute

Adsorption of the solute can occur on “active sites” of the inert support. Preferential

adsorption of one of the sample components will render the quantitative analysis
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meaningless. Adsorption can be detected by plotting detector response against
sample size for diminishing sample sizes. If adsorption effects are present, the plot
will cross the abscissa at a point representative of the amount of the solute lost.
Adsorption effects can be minimized by using a large sample size and “saturating”

the column with the solute prior to beginning the quantitative analysis.

&
\A\
7. QUANTITATIVE ANALYSIS P
O
\

In GLC, comparative analysis is the basis for ss%b and multiple component
quantitative analysis. Three GLC quanhta@ge@fh%g\known to be used in

forensic laboratories are presented : @

<2° e}‘\o@
& C)

74 DIRECT COMP %’s &QAREA

X7 S
This method is so{&ne e&@, as the “dilute and shoot” method. To

determine th&@nce@%nc&a component in a sample, quantitative solutions of
the sarr@@ and its corresponding authentic standard are prepared. A specific
on%e, usually 1-3 pL, of each solution is injected into the GLC and the resulting
area for the sample component peak is compared directly to the ratio of the area for
the authentic standard peak versus its solution concentration. The concentration of
the component (comp) in the sample is then derived proportionately as follows:

Peak Area .., Peak Area
: = . therefore
Concentration ,,,, Concentration

G.C.training.doc Page 8 of 17 9/16/02




. Peak Area comp . 100
% Comp. in Sample = Concentration td)(DlIution) e
Peak Area § Wt. of Sam.

Obviously, sample size is a major factor that affects peak area (as well as peak
height). Consequently, the method of sample injection is critical in this gquantitative
method since the exact size or volume of injection must be rp%@(?red. To minimize
this major source of human error, all peak area measure@én?s are performed in
duplicate in order to check reproducibility of injectio@ize with chromatographic
response (i.e., peak area). \Q{\ *
«° ()OQ &
. Q® X %
In addition to sample size, howevgé%re e@ n\s}@éntal factors that will affect
peak area (as well as peak hej@t) if &Qﬁ%ﬁg@ély controlled. Factors that affect
chromatographic respons@g(@u i Qin carrier gas flow rate, fluctuations in
detector or column&%}:%ro@g,\@of uniformity of column packing material, dirty
detectors, etc.é‘h\e {n}QQd ge of the GLC quantitative method is that it is simple
and rapicb@ OQ)
&
7.2 THE INTERNAL STANDARD METHOD

The major advantage of this quantitative method is that the exact size of injection
need not be known which eliminates a major human error. In addition, this method
nullifies the effects of instrumental variations since the internal standard will be

influenced by these variations to the same extent as the component of interest.
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In short, this quantitative procedure involves the addition of equivalent amounts of an
internal standard to the sample and authentic standard solutions. After
chromatographing and measuring the peak area, the ratio of the peak area of the
sample (i.e., component of interest) to the peak area of its internal standard is

compared to the ratio of the peak area of the authentic standard to its internal

standard. This can be expressed as @6
Ny
A smo = A s there@
A is/smpl X C smpl A is/std X C std

A A
%spl = (_sﬂI lsfsld C, Dil fac 5‘@
A std A Is/spl ‘d *

Asp = peak area of samp@@om%@e

Asa = peak area of u@x &Qea.@é

Aigisia = peak ar@@’ mt&’@ ard in the authentic standard solution

Aisispl = pea@ea,@ @NQ{tandard in the sample soiution
o ‘Q\Q %@Mhe standard solution

Q)
[g{@g = dil so&tor

OQ" spl = percentage of the component in the sample
Q Obviously, the internal standard method will take a little longer to perform
than the direct comparison method described above. However, its

overwhelming advantages make it the method of choice in GLC.

8. PEAK AREA MEASUREMENT
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Peak area (as well as peak height) is proportional to the amount of solute present.
Today’s modern gas chromatographs are equipped with on-line computing
integrators that will electronically determine peak area as well as compute the
potency for each individual peak desired. Furthermore, computing integrators
monitor and control the gas chromatographs, even correcting for drifting baseline
and overlapping and/or asymmetrical peaks. @6
R\
=2
O
9. SELECTING THE INTERNAL STAND@D
@‘ :
The term “internal standard” refers to a m{q@reé)@r%uﬂ of a pure constituent that

is equally transferred to the quantitau{&éol%\ @ample and the
corresponding authentic standa@Qlde@@' hg}hwture of the internal standard

should closely resemble t@%\@%r $ %re of the component being quantitated

or at least be in the ;§ne ch@q @ ss, so that it can "mimic” the detector
response of theﬁQ}m Q@%%@)remsely compensate for minor column or other
instrumen rlatlons. &%rtunately, ideal internal standards are rare. As an
alter{@Q%, a number of solid organic hydrocarbons have been successfully used as

internal standards for the quantitative GLC analysis of various drugs. Some of the

hydrocarbons used are:

1. n-Tetradecane Ci4H30
2. n-Docosane CozHas
3. n-Tetracosane CasHso
4, Octacosane CasHss
5. Triacontane CaoHe2
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The use of solid hydrocarbons as internal standards has become quite popular
because of their availability, high purity, and relative ease in handling. However, if
one was to search the literature, there are other compounds used as internal

standards, such as Benzopinocolone, Squalene, Cholesterol, etc.

The selection of an internal standard should meet the followgn&@uirements:
N
1. The compound selected must not be present@@%e sample.

2. lIts GLC chromatographic peak should b%@ompletely resolved.

3. It should elute close to the resolve{@g%po.gent peak being quantitated.

X

O
4. The ratio of its peak area to t&e%rea@%e '&mponent peak should be
N ® @Q/
Q¥ «@ AN
x@ O O
> > O
A
10. CAPILLARY GODLUMNCHROMATOGRAPHY
> S N4
Since 1957 opéq\tu u 0 @s (OTC) coated with a thin film of a liquid phase
O &

close to unity.

were foun@provide er@g?ced resolution and greater sensitivity in comparison to
%)

pack@%c columns. The adaptation and development of these columns led to what

is %w known as capillary column chromatography or more precisely “wall coated

open tubular (WCOT) column chromatography.”

WCOT columns provide two major advantages:
1. Increased column efficiency
2. A decrease in pressure drop per unit length of column (in comparison to

packed columns)
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The significance of these two advantages is that it has led to the production of
WCOT columns having a very high number of theoretical plates that account for the
enhanced resolution and increased sensitivity achieved. The fused silica WCOT
columns with bonded (or