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CllIWl'lATOGRi\PHY 01' ANlNO ACIDS 103 

polar, hydrophLlic substance such as sodium picrate (9) . 

Unfortunately, in real life many separations cannot be easily pre-­

dicted solely on the basis of polarity. TIle amino acids are clas­

sic examples of amphiphi1ic compounds having hydrophobic and hydro­

philic parts, the ability to hydrogen-bond, to act as acids or 

bases, etc. Further complicating the picture is the fact that the 

structure or nature of the stationary phase (particularly the 

reversed phase) is not fully understood. Thus, a reversed 

stationary phase may appear hydrophobic and essentially deacti­

vated to a nonpolar solute such as anthracene, but may not to 

an amino acid. The results of this work indicate that the 

reversed phase separation of amino acids (and probably a host 

of other compounds) is a complicated process that can not be 

explained by traditional idealized notions of "reversed" or 

"normal" phase TLC. 

RP Systems with Micellar Mobile Phases 

Pseudophase chromatography, in which micellar or cyc10-

dextrin solutions are used as mobile phases in TLC or HPLC, has 

been described by Armstrong and coworkers (9-15). Amino acids 

were studied on polyamide thin layers using a reversed micellar 

mobile phase containing sodium dioctylsulfosuccinate, and RF 

values for 20 compounds ~.,ere reported (11). In general, the 

more polar amino acids h8d the highest ~ values, while the less 

polar ones had lower RF' values. Since this behavior is charac­

teristic of reversed phase TLC, it was decided to evaluate 

pseudophase TLC on C
I8 

layers (15) for amino acid separations. 

Development on a KC
18 

pIa te I-li t11 a mobile phase con taining 

0.015 M SDS (sodium dodecylsulfate) micelle-forming surfactant 

produced the ~ values shown in Table 1 (System G). Sodium 

chloride (0.5 M) was also included in the mobile phase to 

retain the binding of the layer in the totally aqueous solution. 

Little resolution of the compounds Ivas obtained, and severe 

streaking occurred for the zones with ~ values greater than 
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0.78, ,,7hi(',h accounted for the majority of compounds. Many com­

pounds ,-7ere not detected below a level. of 2 ]1g, "l-7hich was the 

amount of each acid spotted to obtain the data in Table 1. The 

plate required 20 minutes of heating rathe-r than':> minutes to 

produce spots of reasonable intensity with ninhydrin, and 

the spot colors were orange and green in some cases in addi­

tion to the usual tan and purple produced with conventional 

mobile phases on the C
18 

layer. Apparent sequence reversals 

were noted for some compounds compared to non-micelle develop­

ments on KC
18 

layers, but results were difficult to assess 

because of the trailing mentioned above. For example, alanine 

had a lower ~ than phenylalanine when developed with propanol­

water, but a relatively higher RF with the SDS mobile phase. 

A 12 em development with SDS required 2 hours. Virtually 

identical results as those just described for SDS were obtained 

when development was carried out with a mobile phase consisting 

of saturated aqueous CTAB-H
2

0 (1:19 v/v) also containing 0.5 M 

NaCl (System H, Table 1). CTAB (cetyltrimethylammonium bromide) 

is also a commonly used micelle-forming surfactant. 

The reversed micellar surfactant sodium dioctylsulfosuc­

cinate, which was used by Armstrong to develop amino acids on 

polyamide (11), was tested as a mobile phase [1.3 M DOSS in 

cyclohexane-water (50;![ v/v)] on C
I8 

layers. The data in Ta­

ble 1 (Sys tem 1) show that, ,vi. th a f eVJ excep tions, ~ values 

were all in the range between 0.64 and 0.71. The mobile phase 

was very viscous, and a 7 em development required 26 hours. 

Attempts to lower the viscosity of the mobile phase by dilution 

resulted in streaked zones. The plate required 20 minutes of 

heating before 500 ng zones ,,,ere reasonably intense; a standard 

array of purple and tan spots was produced, except for a fe,,, 

compounds that were orange. Zones were generally round and 

compact rather than streaked as with the micelle mobile phases. 

The resolution obtained was not as good as that reported (11) 

using this mobile phase with a polyamide layer. 
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PARTICLE 

PARTICLE 

~ = octadecylsilane group .= endcapped silanol 

-OH= free hydroxyl group 

Figure 2. Schematic diagrams of (A) the surface of a CiS 
reversed phase particle, (B) a reversed phase 
particle impregnated with all anionic surfactant, 
and (C) a reversed phase particle impregnated 
with a cationic surfactant. Stationary phase B 
can behave as a cation exchanger and phase C as 
an anion exchanger. Surfactant counterions and 
solvent molecules residing in the bonded layers 
are not shown. 
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strong acid cation exchange layers. This suggests that the 

mechanism involved on these layers may be cation exchange 

,vith the impregnated sulfonic acicL This Ivas confirmed by 

chromatographing the amino acids on a KC
18 

layer impregnated 

,'lith CTAB from a 10% solution of this compound in 96% ethanol. 

Development ,vas \Vith methanol-water (9: 1 v/v) + 1 H acetic 

acid + 0.2 H HCI (System L, Table 1). The results \Vith CTAB 

were very different from those with HDBS,\Vith the migration 

order for the amino acids being generally, but not uniformly, 

reversed. The impregnated surfactant probably caused an anion 

exchange mechanism on the CTAB-impregnated layer. Figure 2 

illustrates the formation of cation-exchange and anion-exchange 

layers by impregnation of KC 18 \Vith HDBS and CTAB, respectively. 

Conclusions 

The only reversed phase system that ,vas found to provide 

a reversal of migration sequence compared to silica gel, cel­

lulose, and C
18 

silica gel as \VeIl as relatively compact spots 

and reasonable development time included a C18 layer impregnated 

\Vith dodecylbenzenesulfonic acid. The charge of the impregnated 

surfactant head groups undoubtedly plays an important role in 

this system, and the reversal of migration is very likely due 

to an ion exchange mechanism. This system \Vould, therefore, be 

tlseftd fn helping confl:nn the presence of an unknown amino aeid 

in a sample. Ho\Vever, TLC on reversed phase layers has no ad­

vantages compared to adsorption, normal phase partition, or 

Fixion iOll--exchange TLC (l) for analyses of mixtures of amino 

acids. The migration sequences on reversed phase layers are 

generally the same as on cellulose and silica gel, and an 

adsorption and/or partition mechanism may be operative on these 

RP layers. These results indicate that it is sometimes 

impossible to predict the relative separation behavior of many 

compounds (e.g., amino acids on the basis of chemical notions of 

"normal" or "reversed" phase chromatoqarphy. 
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THIN-LAYRH CHR01'iATOG1{A,PHIC SEPARATIONS OF AhINO ACIDS 

ON STANNIC TUNGSTATE 

Syed Ashfaq Nabi*, ""ajahat Umar Farooqui, 
t:;ia i:'lahmood Siddiqui and Rifaqat Ali Khan Rao 

Analytical Research Laboratories 
Department of Chemistry, Aligarh Muslim University, 

Aligarh-202001, INDIA. 

ABSTRACT 

Thin-layer chromatography of 24 important amino 
acids in aqueous and mixed solvent systems has been 
performed on stannic tungstate ion-exchange material. 
Results of these studies reveal that the stannic tungs­
tate tl1in-layers offer promising potentialities for 
the separation of amino acids o The various solvent 
system which l1ave been stUdied, acetone-formic acid­
water and ethylacetate-formic acid are found to be most 
useful. It is interesting to note that DL-3,4 dihydro­
xyphenylalanine (DBP,A*} has been selec tively separat ed 
from a mixture of a number of al!,ino acids in ethylace­
ta te formic acid systems. Moreover, specific separa­
tions of DL-methionine has been achieved from a synthe­
tic mixture of other audno acids chromatographed. 
Aspartic acid and glutamic acid which belong to mono­
aminodicarboxylic acid type have been sharply separated 
from each other in n-butanol- acetic acid and acetone­
formic acid-water systems. A large number of other 
impor tan t and difficult ternary and binary separa tjons 
have also been practically achieved. 

INTRODUCTION 

Papers impregnated with inorganic ion-excbange 
material have been widely used for th e separation of 
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Introduction 

SOME ADVANCES IN APPLICATION or TLC 
TO DIAGNOSTIC TOXICOLOGY 

H. r·l. Stahr 
Verterinary Diagnostic Labol'atory 
College of Veterinary Medicine 

IO\'la State University 
Ames, IA 50011 

During this last year we have progressed in our abilities to 
make diagnostic toxicological analyses by TLC. Two which)I will 
present are the analysis for Lincomycin and Slaframine. lIThe 
former, a drug which is very bad for horses, and the latter, a 
naturally occurring mycotof~~ I"hich has had a very large effect 
on animals this last year. In addition to cases involving 
closer pastures, this last year alfalfa pasture and hay and 
grasses have been involved. 

The second part of my discussion will have reference to TLC 
as a reactive system to do chemistry. Our speakers have 
discussed substrate (absorbent) and optimizing solvents for 
separation and Dr. Touchstone has discussed application of the 
advances to actual situations. 

Reagents & Apparatus 

Finnigan GC/MS 4000; TLC plates, .25mm; silica gel normal 
phasel'E. Merck, Brinkmann, Chicago, IL) (Whatman, Clifton, NJ) 
and C reverse phase (Whatman, Clifton, NJ); solvents: ethanol, 
acetic acid, chloroform, methanol, toluene, ethyl acetate all 
NanogradeR or equivalent (Mallinckrodt, St. Louis); MllliporeR Q 
water, (Millipore Corporation, Cambridge, MA); vanillin, ACS 
reagent, (Fisher, Pittsburgh, PA); sulfuric acid and ammonium 
hydroxide - ACS reagent (Fisher); TLC equipment, tanks (Brinkmann 
Instruments, Chicago, IL); short base TLC PMD developing system 
(Regis Chemical, Chicago, IL); micropets (Fisher Scientific); UV 
light (Ultra Vi.olet Products, Inc., San Grabriel, CA); ROO 
scanner (Kontes, Vineland, NJ); quantitative and volumetric 
glassware (Kontes, Vineland, NJ). 

Experimental 

A. Lincomycin 

1. standard was obtained from U.S. Pharmocapedia, 
Rockbridge, MD. Samples of feed were spiked with 
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Copyright © 1983 by Marcel Dekker, Inc. 0148-3919/83/0601-0 123S3 .50/0 





DIAGNOSTIC TOXICOLOGY 12.') 

The Rfs of the Lincomycin is 0.5 in 80/20 chlQroform 
methanol and .8 in 65/30/1 reverse phase solvent l1 ) (for Cl8 
Whatman plates). The Rf in 60/40/1 (methanol/water/NH40H) is 
0.5. Microgram quantities may be detected. The Rf of acetylated 
Slaframine is .5 in 6/2/1 - toluene/ethyl acetate/acetone. 

Microgram quantities of Slaframine may also be visualized by 
iodine and 10 nanograms by fluorescence quenching. 

Discussion & Conclusions 

Levels of detection for mycotoxins in tissues have been 
greatly improved by the use of reverse phase and normal phase as 
reaction surfaces to allow resolution of interfering bands from 
the bands of interest. Clean up of samples with preliminary 
steps using the combination of cleanup steps has been successful 
in allowing analysis of tissues for poisoning levels of 
fluorescent mycotoxins. These specific techniques will be 
featured in later papers in complete form. However, the real 
challenge of TLC has been in analyzing compounds w/o fluorescence 
or "real handles". (Figure 1) Lincomycin has no uv absorption or 
fluorescence and is very polar. Reverse phase systems require a 
basic solvent media. Partition using the very polar basic 
functional group allows cleanup. Visualization by vanillin 
allows qualitative and quantitative analyses by thin layer 
chromatography. 

Analysis for Slaframine has a similar difficulty. It is 
even more easily decomposed. (Figure 2) Acetylation of this 
compound greatly improves its stability and allows detection by 
TLC and iodometry. Mass spectrometeric analysis may be used for 
confirmation. So far mass spectrometric confirmation of 
Lincomycin is still being developed. A desorption technique may 
be required. 

It is important to recall when applying TLC methods and 
optimizing solvents that in the real world samples probably won't 

Lincomycin mol. wt. 406.56 

C1SH34N206S 

Figure 1. Lincomycin structure 
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Yigure 2 shows the separation of GAllA formed from radiolabelled 

glutamic acid by the GAD present in crude brain homogenate. Glutamic 

acid remained near the origin, and GAllA formed by the enzymatic reaction 

moved near the solvent front resulting in a complete separation of the 

two components. No significant amount of GAllA was formed during the 

time when the enzyme assay mixture was immediately cooled and spotted. 

In order to insure the elimination of non enzymatic formation of GAllA, 

the radiolabelled glutamic acid was incubated at 37 0 C for 2 h with 

the assay mixture except that the addition of enzyme was omitted. As 

shown in Figure 3, the chromatogram revealed only the presence of 

glutamic acid and there was no formation of GAllA when the enzyme was 

eliminated from the assay mixture. 

Relationship of GAllA Synthesis with Time and Protein Concentration 

A crude enzyme preparation of bovine brain was used to test the 

linearity of the assay with time and protein concentration. The linear 

relationship of GAllA synthesized with respect to time is shown in Figure 

4A and has a correlation coefficient of 0.994. The amount of GAllA 

synthesized was also linear with respect to protein concentration of 

crude brain extract (Figure 4ll) and has a correlation coefficient of 0.997 . 

. lce_y.e_ts_.<?.LQAD_ in Retina and Subretinal Fluid 

The assay described above was used to look for the presence of GAD 

in subretinal intercellular fluid and retina. As shown in Table 1, 

retina revealed significant GAD activity, while subretinal intercellular 

fluid showed negligible activity. The production of GAllA was dependent 

on the amount of crude retinal extract used. The specific activity of 

the enzyme was determined to be 0.108 + 0.005 from three different 

experiments. 

















SEPARATION OF CARBAHATES 

C arb aryl, 13endiocarb, Carb.afuran and Baygon the 

spots ,,;ere located by a saturated solution of 

eerie sulph ate in 60 % H2S04. and rest by iodine 

vapours. 

The various impregnants tried were~ zinc 

acet ate, zinc sulph ate, cadmium acet ate, mang anes e 

acetate. The most suit able sol vent system was 

found to be Benzene-ethYlcccetate (50~10). No 

change in hRf value ""as observed when mixture of 

carbamates waS applied. 

RESULTS .<i.l~D DISCYSSION 

'lhe hRf values obtained for carbamates on 

different pI ates are given under (Table 1). .F'rom 

this data it is apparent that the best separation 

is obt ained on 1 % zinc acetate- imp regnated pI ate. 

On this pI ate the spots are not only well 

sep arated but also the size of the spots is 

minimal. 

F'urther, a comparison of the hRf values on 

141 

pI ain silica gel pla.te with those on zinc acet ate­

imp regnated pI ate sh OWS th &t the hRf value is 

slightly decreased on impregnated plate and the 

tailing is ccnsiderably reduced. Thls suggests 

th at there is rather ,,,eak intel'o.ction bet"leen the 
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THIN LAYEH CHRDf'IA'IOGRAPHIC SEPARATION OF SQl\1E INOR ~ANIC 
IONS ON ,SULPHA DHUG niPHEGNATED LAYEftS 

S.P. Srivastava, Kamlesh and V.K. r}upta 

DEPARTl'1J:';NT OF CIlli~lISTRY, UNIVEHSITY OF RDORKEE 

ROORKEE - 247672, (U.P.) INDIA 

ABSTRACT 

Binary, ternary, quaternary and hexanary separations 
schemes for Co(II), NitII), Th(II), Fe(II), U(V), V(IV), 
CU(II), As(III), Pb(II), Cd(II). Hg(II), Ag(I), Sb(IIJ). 
Se(IV), Sn(IV), Ti(IV), IVJo(VI), Pd(II) and Pt(IV) have 
been worked out by using sulphaL.'Uanidine as an impregnant 
on silica gel thin layer and by using the solvent system 
Isopropanol, ethyl acetate, acetic acid, water, DHF in 
the ratios (60:30:5:10:5) and (60:30:5:10:3). pH Metric 
studies have been made to establish the formation o.f com­
plex between sulphaguanidine and the different metal ions 
to decide the nature of bonding and to determine their 
stability constants in an attempt to correlate it with 
chromatographic behaviour. 

1 N'l'f(O J) UCTI 0 N 

Sulpha drugs are the N-substituted compounds of sul­

phanilamide (H?NC6HL SO,)NH2 ) which are t:hf~ drugs of proved 
(_ t L.. 

therapeutic importance. Su.'-pha drugs are known ·to form 

complexes with different metal ions. Gulko and coworkers
l 

have reported the complexation of sulphaguanidine with 

palladium and 81so studied the stability of the palladium 

suJ.phaguanidine complex. Narang and :::.upta [2] synthesised 

and characl:erised the Cu(II) chloride complexes with di­
fferent sulpha drugs namely - sulphanilamide, sulphap-uani-
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CHROMATOGRAPHIC ANALYSIS OF SO:M; 3d ',AETAL CO~APLEXES 

Vasundhra Kumari, R.K. Upadhyay* and V.P. Singh 

Department of Chemistry, N.R.E.C. College, KHURJA-283131, INDIA 

ABSTRACT 

Several quateDnary mixtures of 3d transition metal ions 

(Ti(IV). ~n(II), Fe(III), Co(II), Cu(II) and 20(11) comolexed 

with p-diethylaminoanil of anthraceneglyoxal (DEAAn'3) alonE' 

and alongwith thiourea (TU) have been resolved by TLC, PC and 

EC and identified using migration rate and spectroscopic (i.r.) 

correlations. The TLC method showing the best rE'solntion has 

been used to separate quaternary mixtures of comolexE's quanti-

tatively; coloured compounds have been estimated spectrophoto­

metrically. 

INTRODUCTION 

Diverse chromatographic mE'thods have been employed in 

the microanalysis of 3d metal ions as such and as their simple 

complexes with organic ligands and a few references 1- R on 

chromatography of mixed ligand complexes are also available. 

*Postal address - C/o Dr, V.P. Singh 
837, Sarai Nasrulla 
(Behind Thana Dehat) 
KHURJA-203131 (INDIA) 
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7\nalys.Ls of Saturated and Unsat.urated Phospholipids 

in Biological Fluids 

Joseph C. Touchstone, Sidney S. Levin, Murrell F. Dobbins 

and Phillip C. Beers 

School of Medicine 

University of Pennsylvania 

Philadelphia, Pennsylvania 

and 

Mt. Slanai Medical Center 

Ne\'l York, N. Y. 

ABSTRACT 

Cupric acetate (3% in 8% phosphoric acid) as a charring agent 

reacts only with unsaturated phospholipids while cupric sulfate 

(10% in 8% phosphoric acid) reacts with both saturated and unsaturated 

phospholipids. ~hus, the amount of saturated phospholipid in a zone 

on a thin layer chromatoqram (TLC) can be calculated by the difference 

in reactivity. An evaluation of methods shows that direct application 

of biological samples to TLC for separation and quantitation of phos­

pholipids is reproducible. The use of these techniques for a llumbcr 

of different samp]es j_s described. 

INTRODUCTION 

The llLcraLure has inc1ica·ted that there Has no universally 

accepted method for either separation or quanti tat ion of phospholipids 

(PL) in biological fluids, particularly amniotic fluid. '['he problem 

was complicated by the fact that in spite of the availability of syn­

thetic phospholipids, many investigators used natural sources without 

realizing that these are mixtures of saturated and unsaturated 

phospholipids. Thus, reports of quantitation of lldipalmitoyl!' 

lecithin may in reality be erroneous since the reference material 

reportedly used was from natural sources. The methodology for determ­

ination of the individual phospholipids separated in a zone on a thin 
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SATURATED AND UNSATURATED PHOSPIIOLlPlDS 

Amniotic Fluid (Centrlftlged and Non­
centrifuged) 

~ 
A Aliquot 

- -"~-~ Direct Application 

CHC 13: le:1l (5: 1) 

Hix 

Centrifuge 

Aqueous Ph~ 
Spot Aliquot 

Organic Phase 

/\ B 

Evaporate to Dryness 

Aliquot 
C 

Acetone (4° C) precipitation (Gluck) 

Vortex 

10 min., ppt. 

Centrifuge 

Residue~ ~upernatant 
Add CHCl

3
: HeOH (5: 1) Evaporate to Dryness 

Spot Aliquot 
D 

Fignre T 

Spot Aliquot 
E 

Scheme for Evaluation of Extract procedures 

apparent that the quantitative aspects of PL determination have been 

neglected. Using DPL_ 14 C (see methods) a study of the distribution of 

DPL_14 c in the various fractions of the procedure (see Fig. 1) presently 

in use was performed. As much as 35% of added radioactivity was lost 

to the precipitate (A) from the amniotic fluid when centrifugation was 

included in the first step. The supernatant contained 65% of the 

counts. These results are in agreement with those of Oulton (13). 

183 

The extraction of the phospholipid form the amniotic fluid by chloroform­

methanol (5:1) (D) was auantitative. The distribution of the radio­

activity between the supernatant and the precipitate as the result of the 

acetone precipitation was variable. There was from 6-28% of the 

radioactivity in the supernatant (E) This result may be due to the 

difficulties related to the reproducible removal fa the acetone after 
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centrifugaLion as well as possible evaporation of the acetone a].though 

the sample was kept at OOthroughout the procedure. The precipitate (F) 

thus contained variable amounts of 1:he PL. Table 1 shows t.he results 

obtained when various synthetic phospholipids were subjected to charring 

'\.'li·th the two reagents. Unsaturated phospholipids reacted with both 

the cupric acetate and cupric sulfate reagents. The saturated PI., 

reacted only \-lith the copper sulfate reagents. i")~soindicated is the 

presence of both saturated and unsaturated material in purified material 

frum natural sources. Manufacturers literature usually show that the 

supplied material is not a single entity. 

Evaluation of the amounts of Hsaturated H versus lIunsaturatedll 

lecithin after chromatographic separation and differentiation with the 

cupric acetate and cupric sulfate sprays showed that 33% of the lec­

ithin in (F) 'i,'las "unsaturated ll and the remainder was presen-t as 

"saturated ll lecithin. with different amniotic fluids the proportions 

,"ere different. Gluck et al., (7) reported that there were both un­

saturated as "\.'lell as saturated lecithins in the acetone precipitate. 

The lecithins in the supernatant (E) of the acetone precipitation step 

ShO\'led both saturat.ed and unsaturated species. Since the classical ace­

tone precipitation procedure for separation of the saturated from 

unsaturated phospholipid called for cooling to -600 C and - 200 C, 

there appears to be no basis for use of the acetone precipitation step 

of the various methods, unless there is present in the lecithin fraction 

of the chromatograms a substance t'lhich can account for the surface 

activity present in excess of that expected from the phospholipid. 

Recovery of Lecithin from Amniotic Fluid and from the Sorbent 

of the TLC. 

Evaluati.on of the TLC Has performed by de·termination of recovery 

of the DPL_ 14C (see me·thods) added to 1) amniotic fluid before aliquot 

applications, 2) to amniotic fluid after application and 3) directly to 

the preadsorbent layer. The results showed that the preadsorbent layer 

retained little if any of the lecithj.n; the recovery of radioactivity 

from the lecithin area of chromatogram vIas over 95% in each of ·the 

three instances. Less than 0.3Z, of the added radioact.ivity was re­

covered from the pre adsorbent area of the chromatogram. 

Quantitative Aspects of Densitometry of TLC of PL. 

Reproducibility of use of the charring reagents as described in Methods 

evolved from the finding that heating of the TLC plate in a convention 

oven was erratic. This is a major problem since time and temperature 

are critical to reproducibility. Furthermore, it is difficult to 

reproduce the conditions of spraying from plate to plate. The prob18m 

was solved by pre-heating the chromatograms at 110 0 C for 5 min. in GDe 

ovell to remove the Hater of the spray befo-p the charring in a second 
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Figure III Scans of chromatogram of amniotic fluid of 
early pregnancy a) and late pregnancy b) 
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after cupric acetate and cupric sulfate detection. 

Replicate samples of amniotic fluid ".'Jere applied to a number 

s 

of plates and reproducibility of the method determined from day to day 

and within the day for the quantitation of lecithin. Day to day (n=80) 

reproducibility gave a coefficient (CV) of variation of 9.7%, within day 

(n=45) the CV \'las 6%, Vlithin a plate (n=9) CV \'las 3.6%. These results 

were obtained with amniotic fluids carried through the entire proce­

dure including scanning on the densitometer. It was found that T.tlithout 

the pre-washing of the plates the backgrounds after charring were not 

reproducible, varied widely, and gave erratic results even in within day 

experiments. 

Figure 3 shows composite scans of the chromatograms obtained 

after charring with cupric acetate and with cupric sulfate reagents for 

amniotic fluids from early (A) and (B) late pregnancy. It appears that 
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LC NEVIS 

LIQUID CHROMATOGRAPH/MASS SPECTROMETER INTERFACE continuously 
concentrates the effluent from a conventional liquid chromatograph 
and delivers the concentrated solution into the mass spectrometer. 
Combination with a mass spectrometer/data system provides 
capability for analysis of complex and intractable biological, 
environmental, and petrochemical samples. Extranuclear 
Laboratories, Inc., JLC/83/l, P. O. Box 11512, Pittsburgh, PA, 
15238, USA. 

PROGRAMMABLE WAVELENGTH DETECTOR is microprocessor controlled. It 
permits selection of any number of wavelengths in one-nanometer 
increments from 190 to 370 nm for optimal detection of all 
components. Utilizes keyboard entry that may be changed at any 
pOint and as often as desired. Varian Instrument Group, JLC/83/l, 
2700 Mitchell Drive, Walnut Creek, CA, 94598, USA. 

APPLICATIONS DEVELOPMENT KIT permits application of solid phase 
technology in the development of new sample preparation methods. 
One can experiment with new methods or solve existing problems with 
the phases included in the kit. Included are octadecyl, phenyl, 
cyanopropyl, aminopropyl, benzenesulfonic acid, quaternary amine, 
diol, and unbonded silica. Analytichem Internatll, Inc., JLC/83/l, 
24201 Frampton Avenue, Harbor City, CA, 90710, USA. 

POST COLUMN REACTOR can be used to determine metals. It features a 
pneumatic pump, mlxlng tee, and a packed bed reactor in a 
self-contained unit. Dionex, JLC/83/1, 1228 Titan Way, Sunnyvale, 
CA, 94086, USA. 

DUAL ELECTRODES FOR LC/EC capable of handling applications in 
single, dual-series, and dual-parallel modes. The dual parallel 
mode permits ratioing for identification of chromatograph-ic peaks 
and also enhances selectivity and saves time. Dual-series assays 
are possible for reversible redox couples and, in many cases, can 
enhance both selectivity and detection limits. Bioanalytical 
Systems, Inc., JLC/83/l, 111 Lorene Place, West Lafayette, IN, 
47906, USA. 

DIGITAL DISPLAY PRESSURE MONITOR is ideal for modular HPLC systems 
and is universally adaptable. Available for two ranges: O-lnOO and 
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majr advantage when large volumes of sample must be applied. They 
are divided into 0.8 cm wide silica gel strips separated by 2 mm 
clear glass strips. This prevents bleed or cross contamination. 
Whatman, Inc., JLC/83/l, 9 Bride~Jell Place, Clifton, NJ, 07014. 

CUSTOM PACKED PREPARATIVE LC COLUMNS allow separation of a variety 
of compounds. Columns can be packed with NH2, CN, Diol, extra-dry 
silica, or customer supplied materials. Waters Associates, Inc., 
JLC/83/l, P. O. Box 795, Avon, CT, 06001. 
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LC C/\LENDAR 

1983 

MARCH 7-12: Pittsburgh Conference on Anal. Chern. & Applied 
Spectroscopy, Convention Hall, Atlantic City, NJ, USA. Contact: 
Mrs. Linda Briggs, Program Secretary, 437 Donald Rd., Pittsburgh, 
PA, 15235, USA. 

MARCH 20-25: National Amer. Chern. Soc. Meeting, Seattle, WA, USA. 
Contact: A. T. Winstead, Amer. Chern. Soc., 1155 Sixteenth St., NW, 
Washington, DC, 20036, USA. 

MAY 2-6: VIIth International Symposium On Column Liquid 
Chromatography, Baden-Baden, West Germany. Contact: K. Begitt, 
Ges. Deutscher Chemiker, Postfach 90 04 40, Varrentrappstrasse 
40-42, D-6000 Frankfurt (Main), West Germany. 

MAY 30 JUNE 3: International Conference on Chromatographic 
Detectors, Melbourne University. Contact: The Secretary, 
International Conference on Chromatographic Detectors, University 
of Melbourne, Parkville, Victoria, Australia 3052. 

JUNE 1-3: The Budapest Chromatography Conference, Budapest, 
Hungary. Contact: Dr. T. Devenyi, Institute of Enzymology, 
Hungarian Academy of Sciences, Budapest, Hungary or Dr. H. Issaq, 
Frederick Cancer Research Facility, P.O.Box B, Frederick, MD, 
21701, USA. 

JULY: 3rd Int'l. Flavor Conf., Amer. Chern. Soc., The Corfu 
H"ilton, Corfu, Greece. Contact: Dr. S. S. Kazeniac, Campbell 
Inst. for Food Research, Campbell Place, Camden, NJ, 08101, USA. 

JULY 17-23: SAC 1983 International Conference and Exhibition on 
Analytical Chemistry, The University of Edinburgh, United Kingdom. 
Contact: The Secretary, Analytical Division, Royal Society of 
Chemistry, Burlington House, London W1V OBV, United Kingdom. 

AUGUST 29 - SEPTEMBER 2: 4th Danube Symposium on Chromatography & 
7th I'nt'1. Sympos. on Advances & Applications of Chromatography 
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Blazing the path to enhanced use of ... 

ANALYTICAL 
PYROLYSIS 

A Comprehensive Guide 
(Chromatographic Science Series, Volume 2,2) 

WILLIAM J, IRWIN 

University of Aston in Birmingham, Birmingham, United Kingdom 

September, 1982 600 pages, illustrated 

PYROLYSIS offers scientists a powerful, yet 
easy-to-use analytical tool, with applications 
ranging from the study of simple organic 
compounds to whole cells and Martian soil 
samples_ Analytical Pyrolysis: A Comprehen­
sive Guide provides the first complete exam­
ination of this invaluable approach, covering 
its development, various techniques and ap­
plications, and data interpretation. 

Emphasizing instrumental configurations util­
izing gas chromatographic and mass spectro­
metric analysis-designs which minimize an­
alysis time, require only small samples, and 
can be fully automated-this state-of-the-art 
reference details the qualitative, quantitative, 
mechanistic, and kinetic uses of pyrolysis, 
Truly a monumental work in the field, this 
outstanding book also presents 

• checklists of important experimental pa­
rameters 

• computer programs demonstrating pro­
cedures for the comparison of pyrolysis 
data 

• exhaustive reference listings 

• comprehensive tables of pyrolysis pro­
ducts 

• numerous illustrations, clarifying impor­
tant points from the text 

'------

This authoritative volume is certain to en­
hance the work of all researchers involved in 
the study of nonvolatile organic samples, in­
cluding polymer, organic, and analytical 
chemists; forensic scientists; microbiologists 
and others interested in the characterization 
of cells and tissues; organic geochemists; tox­
icologists; pathologists; and environmental 
scientists, 

CONTENTS 

Part A: TECHNIQUES 

Historical Perspectives 
Pyrolysis Methods 
Pyrolysis Gas Chromatography 
Pyrolysis Mass Spectrometry 
Data Handling 
Part B: APPLICATIONS 

Synthetic Polymers 
Biological Molecules 
Taxonomy 
Drugs and Forensic Science 
Organic Geopolymers 
Appendix I, Abbreviations 
Appendix 2. Checklists 
Appendix 3, Computer Programs 
Appendix 4, MS Data: Some Polymer 

Pyrolysis Products 

ISBN: 0-8247-1869-0 
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INSTRUCTIONS FOR PREPARATION OF MANUSCRIPTS 
FOR DIRECT REPRODUCTION 

Journal of Liquid Chromatographv is a bimonthly 
publication in the English IUllguage for the rapid corn 
munication of liquid chromatographic research. 

Directions for Submission 

One typewritten manuscript suitable for di reet 
reproduction, carefully inserted in a folder, and two 
(2) copies of the manuscript must be submitted. Since 
all contributions are reproduced by direct photography 
of the manuscripts, the typing and format instructions 
must be strictly adhered to. Noncompliance will result 
in return of the manuscript to the authors and delay 
its publication. To avoid creasing, manuscripts should 
be placed between heavy cardboards and securely 
bound before mailing. 

Manuscripts should be mailed to the Editor: 

Dr. Jack Cazes 
Journal of Liquid Chromatography 
P. O. Box 1440-SMS 
Fairfield, Connecticut 06430 

Reprints 

Owing to the short production time for articles in 
this journal, it is essential to indicate the number of 
reprints required upon notification of acceptance of 
the manuscript. Reprints are available in quantities 
of 100 and mUltiples thereof. For orders of 100 or 
more reprints, twenty (20) free copies are provided. 
A reprint order form and price list will be sent to the 
author with the notification of acceptance of the 
manuscript. 

Format of Manuscript 

1. The general format of the manuscript should be 
as follows: title of article; names and addresses of 
authors; abstract; and text discussion. 

2. Title and Authors: The entire title should be in 
capital letters and centered on the width of the typing 
area at least 2 inches (5.1 cm) from the top of the 
page. This should be followed by three lines of space 
and then by the names and addresses of the authors in 
the following way (also centered): 

A SEMI-AUTOMATIC TECHNIOUE FOR H-IE 
SEPARATION AND DETERMINATION OF 

BA.lIUM AND STRONTIUM IN SURFACE WATERS 
BY ION EXCHANGE CHROMATOGRAPHY AND 

ATOMIC EMISSION SPECTROMETRY 

F, D. Pierce and H. R, Brown 
Utah Biomedical Test Laboratory 

520 Wakra Way 
Salt lake City, Utah 84108 

3, Abstract: Three lines below the addresses, the 
title ABSTRACT should be wped (capitalized and cen­
tered 011 the page). This should be followed by a 
single~spaced, concise, abstract comprising less than 
10%of the length of the text of the article. Allow three 
lines of space below the abstract before beginning the 
nrticle itself. 

4. Text Discussion: Whenever possible, the text dis­
cussion should be divideci into such major sections as 
INTRODUCTION, MATERIALS, METHODS, RE­
SUL TS, DISCUSSION, ACKNOWLEDGMENTS, and 
REFERENCES. These major headings should be sepa­
rated from the text by two I ines of space above and 
one line of space below. Each heading should be in 
capital letters, centered, and underl ined. Secondary 
headings, if any, should be flush with the left margin, 
underscored, and have the first letter of all main words 
capitalized. Leave two lines of space above and one 
line of space below secondary headings. 

5. Paragraphs should be indented five (5) typewriter 
spaces. 

6. AcknOWledgment of collaboration, sources of re­
search funds, and address changes for an author should 
be listed in a separate section at the end of the paper. 

7. References (including footnotes) in the text will 
be numbered consecutively by numbers in parentheses. 
All references (and footnotes) should then be aggre­
gated in sequence at the end of the communication. 
No footnotes should be shown at the bottom of pages. 
The reference list follows immediately after the text. 
The word REFERENCES 'should be capitalized and 
centered above the reference list. It should be noted 
that all reference lists should contain initials and names 
of all authors; et al. will not be used in reference lists. 
Abbreviations of journal titles and styles of reference 
lists will follow the American Chemical Society's 
Chemical Abstracts List of Periodicals. References 
should be typed single~spaced with one line space be­
tween each reference, 

8. Each page of manuscript should be numbered 
lightly at the bottom of the sheet with a light blue 
pencil. 

9. Only standard symbols and nomenclature ap­
proved by the I nternational Union of PUre and Ap­
plied Chemistry should be used. 

10. Any material that cannot be typed, such as Greek 
letters, script letters, and structural formulae, should 
be drawn carefully in black India ink (do not use blue 
inkl. 

Typing Instructions 

1. The manuscript must be typewritten on good 
quality white bond paper measuring approximately 8% 
x 11 inches (21.6 cm x 27.9 cm). Do not use Corrasi­
ble bond or its equivalent. The typing area of the 
article opening ppge, including the title, should be 5% 
inches wide by 7 inches deep (14 em x 18cm). The 
typing area of all' other pages should be no more than 
5% inches wide by 8% inches deep (14cm x 21.6cm). 

2. In general, the chapter title and the abstract, as 
well as the tables and references, are typed single' 
spaced. All other text discussion should be typed 1 %. 
line spaced, if available, or double-spaced. Prestige elite 
characters {12 per inch} are recornmendeu, if available, 



3, It is essential to lise black typewriter ribbon (eflr­
bOil film is preferred) in good condition so that a clean, 
clear Impression of the letters is obtained. Erasure 
marks, smudges, creases, etc., may result in return of 
the manLlscript to the authors for retyping. 

4. Tables should be typed as part of the text but in 
such a way as to separate them from the text by a 
tllree-line space at both top and bottom of each table. 
Tables should be inserted in the text as close to the 
point of reference as possible, but authors must make 
sure that one table does not run over to the next page, 
that IS, no table may exceed one page. The word TA­
BLE (capitalized and followed by an Arabic number) 
should precede the table and be centered on the page. 
The table title should have the first letters of all main 
words in capitals. Title~ should be typed single~spaced. 
Use the full width of the type page for the table title. 

5. Drawings, graphs, and other numbered figures 
should be professionally drawn in black India ink (do 
not use blue ink) on separate sheets of white paper and 
placed at the end of text. Figures should not be placed 
within the body of the text. They should be sized to 
ht within the width and/or height of the type page, 
including any legend, label, or number associated with 
them. Photographs should be glossy prints. A type~ 

writer or lettering set should be used for all labels on 
the figures or photographs; they may not be hand 
drawn. Captions for the pictures should be typed single~ 
spaced on C'1 separate sheet, along the full width of the 

type page, and preceded by the word FIGUn£.: and a 
number in arnblc numerals. All figures and lettering 
must be of a size to remaIn legible aftel a 20% reduc­
tion from onginal size. Figure numbers, name of seniol 
author, and arrow indicating "top" should be wfltten 
In lIght blue pencil on the back or typed on a gummed 
label, which should be attached to the back of the 
illustration. Indicate approximate placement of the il­
lustrations in the text by a marginal note in light blue 
pencil. 

6. The reference list should be typed single~spaced 
although separated from one another by an extra line 
of space. Use Chemlcal Abstract abbreViations for jour­
nal titles. References to JOLl rnal articles should in­
clude (1) the last name of all author(s) to anyone 
paper, followed by their initials, (2) article title, (3) 
journal, (4) volume number (underlined), (5) first page, 
and (6) year, in that order. Books should be cited 
similarly and include (1) author, surname, first and 
middle initials, (2) title of book, (3) editor of book (if 
applicable), (4) edition of book !if any), (5) publisher, 
(6) city of publication, (7) year of publication, and (8) 
page reference (if applicable). E.g., Journals: Craig, 
l. C. and Konigsber, W., Use of Catechol Oxygenase 
and Determination of Catechol, Chromatogr., 10,421, 
1963. Books: Albertsson, P. A., Partition of Cell Parti­
cles and Macromolecules, Wiley, New York, 1960. 
Article in a Book: Walter, H., Proceedings of the Pro­
tides of Biological Fluids, XVth Coiloquim, Pteeters., 
H., eds .. Elsevier, Amsterdam, 1968, p. 367. 
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