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SUMMARY 

The synthesis of srxteen enamino ketones was carried out by reactron of ethyl 
3-oxobutanoate, ethyl 2-methyl-3-oxobutanoate, 2,4pentanedrone and 3-methyl-2,4- 
pentanedrone with variously substrtuted aiiphatrc and aromatic ammes The studied 
compounds were separated by &m-layer chromatography and the R, values de- 
termined on pre-coated srhca gel plates and on commercially available readycoated 
Sdufol sheets using four solvent systems. The spots were detected by appiicatron of 
three drfferent reagents, and m UV light. The dependence of the RF values on the 
structure of the studied compounds is drscussed A dragonal techmque was used to 
control the punty of enamino ketones. 

IhTTRODUCTION 

Enammo ketones arc Important baste substances employed for the syntheses of 
more complex products, e g , medicaments, dyes, pestictdes, etc , rmportant mter- 
medtates in various organic syntheses’, and they may also serve as protecting groups 
of primary and secondary amines during physrologicai processes The utrhzatron of 
enammo ketones as intermedrates and blockmg groups m orgasrc chemrstry has been 
reviewed+. 

The Iirst studies concentrated on the determmatron of the physical and spectral 
charactenstics of enamino ketones3. Several authors studied the UV&‘, IR*‘O and 
NMR” l2 spec’o-a. In particular, the aim of most of these studies was the eiucrdation 
of the structure and the tautomeric forms of these compounds. However, to our 
knowledge, a detailed survey of the &In-layer chromatography (TLC) of enamino 
ketones has not been carried out, Therefore, we undertook to develop a method for 
identification and separation of euamino ketones. including those having similar RF 
values. Srxteen derivatives of 2&pentanedrone and ethyl 3-oxobutanoate were pre- 
pared, five of which had not been described previously. They were subjected to TLC 
on pre-coated silica gel plates and on commercmiiy avariable readycoated Sriufol 
sheets in four drfferent solvent systems. The posstble decompoation of the com- 
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pounds during the development of the chromato_ms was studied by apphcatron of 
the diagonal technique- 

The UV spectra were measured on a Specord UV VIS spectrophotometer (Carl 
Zeiss, Jena, G D II.) m l-cm silica cells. Melting points were determined on a Kofler 
block and were not corrected. The refractive indices were measured on a refracto- 
meter (Carl Zeiss) at 2YC. 

PI epararion of the compormds 
3-MethJI-2,4-pentanedione was prepared as descnbedr3. The crude product 

was purified by distillation in vacua (65-66”C, 19 Torr; m accord with ref. 14). 
Eth! I -3-metll&3-oxobutanoate. Ethyl S-oxobutanoate was methylated with d 

solution of methyl iodtder5. Fractional disttllation gave a product of b-p. 7%76°C (15 
Torr)_ 

Eth_ll 3-(Jr-brrr_rf~-3-o_~obutanoate_ Ethyl 3-oxobutanoate was treated with 
butyl bronnde in a medium of sodium methanolate Fractional distxllatron ga\e a 
product of b p_ 93-96’C (8 Tot-r) m accord wrth ref. 16 

Enamino ketones I- VI. 2,4-Pentanedrone or 3-methyL2,4pentanedione was 
treated5 s I’ ri with a 25% solutron of ammoma or with soluttons of ammes m the 
moIar ratto I 11 (Table I) 

4-( I-_Meflz~ Iprop_\- Iamino)-3-penten-&one ( VIZ) _ In a flask, 9-75 g (0.. 1 mol) of 
~Qentanedione were mixed wtth 7 4 g (0 I mol) of I-methylpropylamme and re- 
fluxed for 4 h. Then the reaction mtrture was extracted four times each with 20 ml of 
benzene, the organic layers were combmed and dned over anhydrous sodmm sul- 
phate and benzene was distrlled off. Distillation m lacuo gave 15 g (96 5 T/,) of com- 
pound VII (yellow hqmd), b-p_ 66-6S”C (5 Torr). UV spectrum (methanol) 313.5 nm 
(Iog E = 4 29); n$ = l-5032_ For C,H,,NO (MW 155 2) calculated: 69.68% C, 
10.97% H, 9.03% N; found_ 69.35% C, 10_64% H, 9.3% N. 

3-_%feth> l-4-(1 -methy~prop~iamino)-3-penten- -one ( VIII). The above proce- 
dure was applied nsmg 1 l-4 g (0-l mol) of 3-methyl-2,4_pentanedtone and 7 4 g (0 1 
mol) of I-methylpropylamine to give 14 g (83.0 “/,) of a yellow liquid. b-p 8%87°C (4 
Torr). UV spectrum (methanol) 323 3 nm (log E = 4.22); n;5 = 1.4835. For 
C,,H,,NO (MW 169.3) calculated: 71.01% C; 11 24% H, 8 28% N; found. 70_92% 
C, 11.32% H, 8_46% hi. 

Et~~~~3_anzino-I-butenoate [IX). To 26 g (0 2 mol) of ethyl 3-oxobutanoate was 
added dry benzene (150 ml). The mixture was cooled to 4°C and a stream of dry NH, 
was bubbled through for 4 h. It was then left to stand for 24 h, followed by bubbling 
NH, for a further 4 h and finally standing for 24 h Then the organic layer was 
separated, dried over anhydrous potassium carbonate and drstrlled IR )ucuo to grve6 
20 g (77.5 “/J of compound IX, b-p. 107~109°C (20 Ton)_ 

Ethyl 3-amine-l-methyl- 3-butenoate (Xl_ Ethyl 2-methyl-3-oxobutanoate (29 
g, 0.2 mol) was mixed with ethanol (50 ml) and ,oaseons ammoma was passed into the 
solution for 7 days- Ethanol was removed by drstillation m bacuo and the resrdue 
distilled at 30 Torr to give 13 g (45.0 %) of compound X, b-p. 7%76OC (30 Torr), m-p. 
-9°C in accord wrth ref. 17_ 
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TABLE I 

E’VXMIUO KETONES PREPARED BY RWCTIOU OF DIKETOUES AUD KETO ESTERS WITH AMIUES 

RI 

I 
CH,-C = C-CO-R, 

I 
HU-R, 

- 

Compound R, R2 R3 

H CH, H 560 - - 39-n 394l’J 

CH, CH, H 710 - - Ill-113 109-I IO’S 
H CH3 C&S 72 5 75-76130 it751 so’- -iMS 474s” 

CH3 CH3 GH, 72 3 121-115 5 not found 4041 39’ 
H CH, n-But>1 8-t 0 92-9-t 2 9-I-95 $0 - - 

CH, CH, n-Butyl 88 5 97-100’3 111-112~20J - 
H CH, I-Methyl- 965 i&65~5 - - - 

Prop>1 
CH, CH, I-Slethll- s3 0 s--87-& - - - 

proplt 
H OCH2CH, H 77 5 107-109 70 91-93 S6 - - 

CH3 OCH2CH3 H 490 - - 45-49 51” 

H OCH,CH, COCH, 755 - - 61-42 63- 
H OCHICH, rt-Butvl 910 ss 3 not found _ - 

CH, OCHICH, n-But>1 75 5 109-111 3 - - - 

H OCH,CH, I-lMerhql- s9 2 7si3 not found - 

ProPYl 
CH3 OCH,CH, I-Meth>Iprop>l 65 3 92-93 / 3 - - - 

d3UL~l OCH=CH, n-But>1 560 1’3-124 3 - - - 
--____ - -__ _ ____~ _ __ 

The compounds XI, XII and XIV were obtamed by reactron of ethyl 3-0x0- 
butanoate or ethyl 2-methyl-3-ouobutanoate with solutions of the appropnate ammes’ 
(Table I) 

Etiq I .S-(n-but> Ialllino)-2-),letll~I--?-butetloate (XIII)_ To 14-4 g (0 1 mol) of 
ethyl Lmethyl-3-ouobutanoate were added 7 4 g (0 1 mol) of lz-but>lamme and the 
mixture was refluved for 4 h_ Then the solutron was extracted twice each with 20 ml of 
benzene, and the orgamc layers were combmed, dned oker anhydrous sodmm sul- 
phate and dlstdled UI ICZCL(O to sve 15 g (75.5 %) of a yellowish hqmd, b p 109-l Ll “C 
(3 Torr) UV spectrum (n-hexane) 298 5 nm (log E = 4 26), 122 = l-4745 For 
C,,Hl,NO,(MW 199_3)calculated_6633%C, 10 55%H.704%N;found 6659% 
C, 1042%H,69%N 

Etllyi 3-rrtetlq l-3-( 1 -nleth] Iprop;/amitro)-_ T-butenoate (XV) Ethyl 2-methyl-3- 
ovobutanoate was mixed with I-methylpropykunme m 1 _I molar ratio to sve 13 g 
(65 3 %) of a yellow hquid, b p 92-93°C (3 Torr). 1JV spectrum (n-hexane) 301 2 nm 
(log E = 4 23), ?2E5 = 1.4770. For C,,H,,N02 (MW 199 3) calculated_ 66 33% C, 
1055%H,7~%N;found-6612%C, 107%H,694%N 

EthJI 2-(n-but~1)-3-(n-but~lanzmo)-2-butenoate (XV.) was prepared m the 
same manner Dlstdlation IIZ VLZC~O ylelded 20.7 g (86 %) of a yellowish hqmd, b p 
122124°C (3 Torr) UV spectrum (n-hexane) 300 mn (log E = 4 20); nh5 = 14687 
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For C,,H,,NOZ (MW 241.4) calculated: 69.71% C, 11 21% H, 5 81 T/, N; found- 
70.02 % C, 10.96 % H, 5.66 % N. 

T/lm-laqer chromatograpIy 
Use was made of commercially available plates pre-coated with sihca gel 60 F- 

254, 20 x 20 cm (E Merck, Darmstadt, G F.R ), and Srlufol UVZss (alumuuum 
sheets coated with s&a gel bound with starch) 20 x 20 cm (Kavaher, Votice, 
Czechoslovakia). 

The chromatograms were developed by apphcatton of the followmg solvent 
systems. Sl = chloroform; S2 = cycloheuane-ethyl acetate (3 2), S3 = benzene- 
ethyl acetate (S-2); S4 = benzene-cyclohexane-methanol (8 5 1 0 5) For the diag- 
onal technique, the systems Sl, S4, S5 = benzene<hloroform (1 1) and S6 = ben- 
zene-ethanoi ( 18 -2) were employed 

The compounds were dxssolved m methanol to obtam a 0 50 8 % solution, and 
ahquots of 1 ul were quickly apphed to the plate whtch was then munedrately placed 
mto the developmg chamber saturated with vapours of the mobile phw at 20°C The 
spots were detected under UV light at 254 and 366 nm (mmUVIS; Desaga, Heidel- 
berg. G F R ) The spots were also exposed to vapours of iodme or visualized by 
spraying with the followmg reagents”_ Iodme-iodide reagent- todme (0 2 g) and 
potassium iodide (0 4 g) were dissolved m water (100 ml) After spraying, the com- 
pounds appear as white, yellow to orange spots on a beige-gray background Potassi- 
um hexacyanoferrate(II1) and femc chloride. an aqueous solutton of K,Fe(CN), 
(1%) and an aqueous solutron of FeCI, (2 %) were combmed (l-l) shortly before use 
After spraying the compounds gave deep green-blue spots on a hght gray 
background A more intense colour can be achieved by further spraying with 2 1M 
HCl. 

RESULTS AND DISCUSSION 

The separation of enammo ketones was carried out by TLC on different ad- 
sorption Iayers using several solvent systems. The R, values and the modes of detec- 
tion are given m Table II (pre-coated plates with sihca gel 60 F-254 and Silufol 
UV,,,) Ready coated sthca gel plates were used for the diagonal techntque It was 
found that the order of the R, values of the analyzed compounds did not depend on 
the adsorbents 

The analyzed compounds comprised 2,4_pentanedtone denvatlves (substances 
I-VIII) and ethyl 3-oxobutanoate denvatrves (compounds IX-XVI) Both groups 
included compounds havmg an unsubstituted ammo group (I, II or IX. X), an alkyl- 
ammo group (V-VIII or XII-XVI) and an arylammo or an acylammo group (III, IV 
or XI). The compounds III and IX served as references_ 

The compounds I-IV could be well separated m solvents Sl and S2 containing 
chloroform or ethyl acetate. Compounds V-VIII did not separate so readrly The best 
results were obtamed m solvents Sl and S4, Le.. m those contaimng larger volumes of 
chloroform or methanol_ Compounds I-VIII could be well detected with iodine 
vapours, with the iodme-iodide reagent or with K,Fe(CN),-FeCl, 

The separation of compounds IX-XVI was also rather dtfficult Sattsfactory 
results for IX-XI could be achieved wnh solvents S2 and S3 contaimng ethyl acetate_ 



136 T POTI%L, Ii PO-I-&%LOV~ 

The compounds XII-XVI were well separated m solvents S2 and S4. The compounds 
of this group could easily be detected by exposure to iodme vapours and by spraying 
w& the iodine-iodide reagent. The spots of compounds IX-XI gave, however, only 
a slightly blue colour with K,Fe(CN),-FeCl,; for the detection of compounds XII- 
XVI this reagent is unsmtable 

The results showed that, in all the solvent systems, the R, values of tile 3- 
methyl-2_rlpentanedione and ethyl 2-methyl-3-oxobutanoate derivatives were higher 
than those of the correspondin g unmethylated compounds ~th the same ammo 
group Compound XVI had the highest RF value in all the-se solvents_ 

The R, values of ethyl 3-oxobutanoate derivatives were, in all the solvents, 
higher that t&ose of the correspondmg denvatives of 2,4_pentaneclione with the same 
amino group. The same was true in the case of their methyl derivatives except in 
sohent Sl where the RF values of substances XIV and XV were lower than those of 
VII and VIII. 

The dependence of the R, values on the substltuents of the ammo group was 
not as unambiguous_ Substances I and II had the lowest R, values in all the solvents, 
the corresponding compounds IX and X, m the solvent systems S2 and S4, 1-e T m 
those without chloroform (for compound X, the results were, howeher, not con- 
vincing) Compounds III and IV of the 2,4-pentanedione group showed the highest 
R, values m solvents S2, S3 and S4_ In all the solvent systems, compound XI rmgrated 
more rapidly than the related compounds IX, XII and XIV. Interestmg behavlours 
\\ere shown by the compounds contaming a n-butylamino or a I-methylpropyidmino 
group- Changes m the order of spots on the chromatogram occurred dependmg on 
the components of rhe solvent systems (Tdble II). These changes cannot satlsfactonly 
be accounted for as yet_ 

The compounds XII-XV showed forward streakmg m polar solvents contam- 
mg alcohol (S4 and S6)_ To confirm our behef that the formatIon of the streaks IS due 
to decomposltron of the substances durmg development. we used the diagonal rcch- 
mquez3_ The sample was appIied at the bottom left-hand comer of the plate and the 
pIate was developed usmg the ascending technique \wth solvent S5. After drymg, It 
was developed vertically wnh the same solvent. After detectlon m?th the iodine-Iodide 
reagent, no streak formed and the spot was located on the diagonal of the chromato- 
gram, indicating that no decomposmon had occurred dunng deveIopmentz3. The 
experiment was repeated \tth solvent SI with the same result. Then the development 
was carried out with solvents S4 and S6, and the chromatograms were again sprayed 
wrth the iodme-lodlde reagent. Two spots whose R, values were higher than that of 
the enammo ketone appeared in both cases, one on the diagonal of the chromatogram 
and one off-diagonally. Consequently, these spots arise from decomposition of the 
chromatographed compound durin g development. The other analyzed substances 
we= also examxned by thus method, usmg solvents S4 and S5 In all cases, only one 
spot appeared which was situated m the diagonal of the chromatogram Thus, the 
diagonal method may be useful for the determmation of the pmty of the enamino 
ketones or of their de_- of decomposition 
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RAPID METHOD OF ESTIMATING VIABLE SPORES OF ASPERGILLUS 

DART 

Cftcrob:oiog> Unrt, Department L.EI I 3TU (Great 

June 23rd, 1982) 

SUiMMARY 

A rapid method of countmg viable spores of sporlage fungr has been developed 
The method is based on the productron of the enzyme pectmesterase dunng germt- 
nation of the spores This enzyme hydrolyses the ester linkages of pectin to produce 
methanol whtch can be assayed by gas-hqmd chromatography 

A linear relatronshrp can be established between the methanol produced and 
the spore concentratton. The relatronship IS common to the SIX species of Aspergdius 
tested. Results obtamed by thus method m 19 h compare closely wtth plate counts of 
Aspergdk obtamed at 44 h_ 

INTRODUCTION 

Fungr of the genus Aspergdlus are found wrdely m a variety of agricultural 
produce, where they are frequently present as dormant spores which may germinate 
under Inadequate storage condrtions and cause sporlage 

Several types of spoilage may take place, the most important being the produc- 
tion of various toxins, especially the aflatoxms Non-toulgetuc strains may also cause 
spoilage by productron of heat leading to a loss of seed vrabrhty. alteration of flavour 
components and also by causm, = hydrolysis of tnglycendes to free fatty acids These 
are subsequently desaturated and subjected to autoxidation, thus leadmg to ranctdtty 
Constderable financial losses are caused by these fungr, especially m some developmg 
countnes where storage facrhtres and transport networks are inadequate and the 
ambient temperature and humtdtty are both htgh 

Tradrtronal methods for the estrmatron of fungr consist of plate counts, which 
may take 7 days or more depending upon the species’ Such methods are of httle 
value in a modern produce control laboratory, as toxigemc strams would have com- 
menced toxm synthesis dunng tlus time period- 

It IS obvrous that there IS a great need for a rapid method of countmg fungal 
spores and predrctmg whether or not they are viable 

* Present address Departnteat of Chetmstry. LJntkerstty of Calabar, Calabar, Nlgena. 

OOZl-%73/82/~jSOL75 c 1982 Elsevter Sctentdic Pubhshmg Company 



110 J 0. OFFEM, R K. DART 

Many species of the genus Aspergrllus produce pectin degradmg enzymes when 
grown m pectin-contaimng medium ’ 3_ The enzyme pectinesterase (E C. 3.1.1_11) 
hydrolyses pectm to pectic acid and methanol. The enzyme may be measured by the 
titrimetric estimation of the carboxylic acid groups-of pectrc acida, or the methanol 
hberated may be measured either as formaldehyde5 or by gas chromatography6 ‘_ 

This work uttlizes the activity of the pectinesterase found after 15 h germi- 
nation to determine the number of vrable dormant spores of SIX Aspergilhu species 
known to cause spoilage_ 

hl4TERIALS AND METHODS 

Orgatmms and media 
The six species of Aspergdhts used were obtamed from the Commonwealth 

~Mycological Institute (Ferry Lane, Kew, Great Bntam) They were A-flaws 15959, 
39178% 86769. A_ niger 3 1821, A. nidulans 16643 and A. hcchuensis Inui 83356 

Cultures were maintained by growth on slopes of the followmg medium; mal- 
tose= 38 g; neutralized soya peptone, 8 g; yeast extract, 2 5 g; malt extract, 2 g; Agar 
technical No. 3 (Oxotd), 20 g These were dissolved m 11 of drstrllcd water and the pH 
adjusted to 5 4 before autoclavm, * Cultures were incubated at 30°C for 5 days and 
then stored at 4°C untrl required Subcultures were prepared at intervals of 4 weeks_ 

Orgamsms were grown on the following medium to obtain spores: KH,PO,, 
2 0 g; KNO,, 2 0 g; CaCl,, 0 25 g; yeast extract, 5.0 g; glucose, 10.0 g; bactocasammo 
acids, 5.0 g; metals solution_ O-1 ml; distilled water, to 1 1. The medmm was adjusted 
to pH 5 4 before autoclavmg. The metals solution was made up as follows_ MgSO,, 
O-5 g; ZnSO,, O-02 g; FeSO,, 0 02 g; MnSO,, 0 01 g; CuSO,, 0.05 g; water, to 10 ml. 

The medium for the assay of methanol was made up as follous- glucose, 4 g; 
pectin (citrus pectin, rapid set-type 104; Bulmer Ltd , Hereford, Great Bntain), 1 g, 
soya peptone, I g; chloramphenicol, 100 m g; chlortetracyclme, 100 mg; I 0/0 phos- 
phate buffer pH 7 0, to 100 ml_ 

Plate counts for viable spores were carried out on the followmg medmm- 
maltose, 38 g; yeast extract, 2.5 g; mycological peptone, 8 g; malt extract, 2.0 g; agar, 
20 g; distilled water, to 1 I_ The medium was adjusted to pH 5.4 before autoclavmg 

Growth of spores 
The sporulation medium (200 ml) was placed in Roux flasks. inoculated with a 

loopfttl of organisms from the slopes and incubated at 30°C for 3 weeks At the end of 
this period a thick mycelial mat covered with spores was obtained. A spore suspen- 
sron was obtained* and microscopic exammation was carried out to ensure the ab- 
sence of mycelial contamination. 

The spores were stored a.s stock suspensions at 0°C unttl required, and to 
maintain a high level of viable spores fresh stock suspensions were prepared every 3 
months. 

Before use the spore suspensions underwent heat shock actrvatron at 50°C for 
25 min’_ 

Producrion of methanol 
Ahquots (100 ml) of the assay medmm were placed in 500-ml Erlenmeyer 
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flasks_ Fifty ml of spore moculum were added and the flasks were mcubated at 30°C 
on an orbrtal mcubator at a speed of 150 rpm for I5 h. After this time, fungal 
germmation and pectmesterase actiklty were stopped by placmg the flasks m a water- 
bath at 80°C for 10 mm Control flasks were Inoculated with 50 ml of stenle datrlled 
water_ 

The methanol produced was separated from the growth medmm by dralysrs 
across a Vrsking membrane using a modrficatron of the dialysis cell method of Lee 
and Wrley6 The dralysrs cell consists of two poly(methy1 methacrylate) half-cells 
separated by a Vrskmg membrane_ Each half-cell has an mjectron port and a cavrty 
wrth a volume of 5 ml The contacting surfaces were smeared lightly wrth s&cone 
grease and the front half of each cell was loaded with 3.0 ml of culture medmm The 
rear half of each cell was loaded with an equal volume of drsttlled water and the 
mJectron ports were sealed The cells were then rotated on a revolvmg power umt at 
70 rpm and 30°C for 4 h At the end of this trme the concentratron of methanol m the 
two halves of the cell IS equal 

Estmatton of ntethattol 

Methanol was estimated by gas-hqurd chromatogrdphy (GLC) on a Pye 104 
chromatograph using a hydrogen flame detector_ The column (1 SO cm x 6 mm, I D 
was packed with Porapak Q (SO-100 mesh, Waters Assoc ) The column was operated 
rsothermally at 110°C with the detector system at 140°C usmg mtrogen (flow-rate 20 
ml/mm) as tamer gas 

A sampIe of IO ~1 was InJected and the methanol wds determined from peak 
areeds calculated by tnangulatron _ lo An equal volume of a standard solunon of pun- 
fied methanol was InJected into the column before and after each test sample, and the 
amount of methanol in the test sample was then calculated Each run lasts approur- 
mately 5 mm 

E\-perintental procedure 

The master spore suspension for each orgamsm was randomly diluted lO- 
7 - 10’ spores per ml Each spore suspensron was then mechamcally shaken for 20 mm 
to drsperse clumps Ahquots of each sample were SubJected to the followmg sequence 

(a) A total spore count using a Helber chamber. 
(b) A plate count for vrable spores using the medium described earlier 
(c) A dry weight determinatron of the spores m each test sample 
(d) Portions (50 ml) of the spore suspension were then maculated aseptrcally 

tnto 100 ml of the methanol assay medkum and shaken at 30°C for 1.5 h 
(e) An ahquot of(d) was taken and the dry weight of the growmg mycehum 

after 15 h incubation was determined. 
(f) An aliquot of (d) was taken and the methanol was determmed after 15 h 

mcubatron. Methanol produchon could then be described as pg/ml per mg dry weight 
of myce!rum 

RESULTS 

The productron of methanol as a fun&on of the size of spore moculum for each 
strain is shown in Figs 14. 
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6‘ 

10 20 30 
METHANOL(p/ml) 

Fig_ 1. The mfhence of mocuium size on methanol production for A nlger_ See text for expertmental 
procedure_ 

Fig_ 2 The tnfluettce of moculum sue on methanol production for A j2aw.s I5959 See te..t for expen- 
mental procedure 

The resuhs show that an increasing spore concentratron hberates an increasing 
amount of methanol into the medium, reaching an upper limit when the spore con- 
centration is inkritely large. As no methanol is produced when stenle water 1s used as 
inoculum, then the curve wdl pass through both axes. 

The results shown in Fogs. l-6 can therefore be described by the equation” 

y = Ce-E (1) 

wherey = log,, of the initial spore number per ml, x = amount of methanol released 
at the end of the mcubation penod &z_kni) and C, e and B are all constants. 

Eqn. 1 may be transformed to 

log,,_v = Iog,,C - ; (2) 

and a plot of log,, y against i/-r should give a straight line. When this was done using 
the results shown in Figs- 14, straight line plots were obtained whose slopes and 
intercepts are shown in TabIe I. The six lines were ahnost paral!eL the slopes having a 
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10 
METHANCl&K+lll~ 

30 

FIN. 3 The mbence of moculum sue on methanol productIon for 1 jlarus 86769 See text for eupen- 
mental procedure 

Fig 4 The Influence of moculum we on methanol production for A Jaws 3917Sa See text ior expen- 
mental procedure 

standard deviatton of - 1.2576 fr 0 063_ The Intercepts were not identical and cor- 
respond to spore numbers rangmg from 4 7 x 10z to 7 2 x IO5 

It was thought that the methanol production by vanous strams might be a 
more conststent property d tt were related to some character mdtcatmg the gerrm- 
natton rate of the spores, for example, protem content or mycehal dry weight at 15 h 
(the penod of mcubatton). 

This was camed out measurmg methanol productron per mg of dry weight of 
mycelium at 15 h mcubation The resu!ts for mdtvtdual spectes are shown m Table II 
usmg both log,, dry weight of spore material and log,, iog,, spore numbers ver.sus 
the reciprocal of methanol productton. 

The results were then pooled and plotted as a smgle hne (Table II and Fig 7) 
for each set of data- 

Once the level of methanol produced has been estabhshed these relationships 
may be used to determme spore numbers m an mocuhun_ The results obtamed (Table 
III) are in good agreement with those obtamed by standard surface plate methods 
which took 48 h. 
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Fig 5 The miluence of moculum sze on methanol production for A nr&kn.s See text for expenmental 
proadure 

FIN 6 The mtluence of mocdum see on methanol producaon for ri fuchuensrr Inur See text for expen- 

mental procedure 

DISCUSSION 

The presence of spoilage fungi in grain and cereals represents a mqor problem 
for mdustries producing or usmg these comrnodihes Due to the toxic nature of some 
fungal metabolites, rapid analysis for the purpose of quahty control 1s obwously 
highly desirable 

One method for the rapid estimation of fungi 1s the determmahon of 

TABLE I 

COMPARISON OF THE RESULTS SHOWN IN FIGS l-6 PLO-l-TED AS LOG,, LOG,, SPORE 
NUMBERS AG_AINST THE RECIPROCAL OF MEJXANOL PRODUCT-ION US’EiG EQN 2 

OlgCZJlLW?Z sope Zntercepr CorreZanon Sramikrd 

coq_%ctint &VZdlOR 

A_f‘hw 3917Sa -122s 0 883 -0946 0023 
A_ luger -1328 OS42 -0 952 0021 
A_jlaY!u 15959 - I_305 0 SSl -0 921 0 026 
d_ luchutXsis Inui - 1.75 OS16 -0 914 0016 
ri_ jiblus 86769 -1239 0913 -0342 002 
4_ nIdikns - 1.160 0 853 -0 937 0011 
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TABLE II 

COMPARISON OF THE RESULTS OF PLOTTING LOG,, LOG,, SPORE NUMBER OR LOG 
MYCELIAL DRY WEIGHT AGAINST THE RECIPROCAL OF MEfHANOL PRODUCITON 

Orgamsm 

A JIarus 39 178~1 
A nrger 

A flaws 15959 
A luchuenw Inul 
A flnvus 86769 
A nldukms 
All Slrt Or$gnlsms 

log,, dry welghr logI Iag,, (spore number per ml) 
vs rt?crprocaI metha& zs recrprocal methanol 

siope Znfercepl Correiaxron Slope Inrercep1 Correlatrorr 
coefficten fl coefficrem 

-662 1034 -0993 -0 741 0701 -0 97.5 

-664 1098 -0999 -0725 0706 -096s 

-641 I 076 -0 995 -0 721 0704 -0 976 

-655 1094 -0997 -0 712 0704 -0984 

-682 1 127 -0 986 -0 733 0 703 -0 979 

-706 1 106 -0 957 -0 745 0 710 -0 973 

-6 727 1078 -0 988 -0-739 0706 -0 963 

chItm’““. 2%~ method is rapld, requn-mg 4-5 h, but It suffers from several serious 
drawbacks High levels of contammation are reqmred to produce sufficrent chltm for 
analysis, and the method does not dlstmgxh arable from non-wable spores. A fur- 

ther problem IS that the chitm found m msects which frequently Infest stored products 
would interfere with the use of chtm as an index of funga1 contamination 

Fxg_ 7 Cahbratlon curve obtamed usmg data from alI SIX specres The calrbrahon tune IS based on eqn Z 
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TABLE III 

COMPARISON OF SPORE NUMBERS IN SPORE SUSPENSIONS BETWEEN SURFACE PLATE 
METHOD AND USING DRY WEIGHT OF SPORES AND LOG,, LOG,, SPORE NUMBERS 

Two suspensions of each of the SIX o rgamsms ore prepared by random dduhons- In add&on tuo suspen- 
s~ons m.ere prepared by rmung spores of all SIX orgamsms at random_ When usmg the dry we&t method a 
caIibrarron cone of dq weight and vlabie spore number IS neasary. 

Ol-glUIUItl Spore numbers per ml (mean _L srandard &vtat~on) 

Surf&e pIaIe 

merhod 
Use of spore 
de ae:&f 

_+Lj7L7ws I 950 5 350 1123_L372 1386 _L 544 
391iSa 2 1100 = 270 1002 _L 274 1295 + 30s 
A. nrger I I90 _L 47 205 5 53 312 + 104 

2 4800 r 420 5041+480 4606 5 60s 
A_f7am 1 11ooo~z7oo 10217 * 2729 9711 = 3063 
15959 2 600 2 130 689 & 160 874 c_ 187 
A_ hxhueaws 1 8600 + 1100 9IS2 2 1504 1224s 2 4338 
Inui 2 38ooot_6400 36815 + 5775 42253 f 6280 
A_ J’m-zu I 180 _L loo 270 _L 99 264 + 119 
86769 2 77oclo IT 13800 9111.5 +_ 8851 105056 & 24630 
_-I_ nrdulanr 1 840 = 152 915 f IS6 1243 f 331 

2 570000 = 56000 5625OO = 62250 510700 + 46175 
M1rture of ali 1 4iooo _L 11600 57915 5 12777 64103 _L 12193 
6oqamsms Z 990 r 320 1195 5 30s 1632 f. 546 

Time 4Sh 19 h 19 h 

The method descrrbed in thrs paper, although not as rapid as the ch1t.m 
method, has the advantage of distinguishing viable from non-viable spores, and as it 
measures dormant vrable spores capable of germmation it IS also predrctive, I e., rt can 
ghe an indicatron of possible sources of contamination in the future. A further 
advantage is that it is Linear over a wide concentratron range of spores, thus removmg 
the need for numerous dihitions. 

The rest&s (TabIe II) show that there 1s a good correIation (-0.958) between 
inoctium size (in mg dry weight) and methanoi production when ah the results are 
pookd. Ahhough the correlation IS not so good for spore numbers (-0-963, Table 
II), rt is more convenient as It gives a direct count of viable spores without the need for 
a calibration curve. It also allows the esnmatron of lower numbers of spores than the 
dry weight method due to the difficulties in obtaining accurate dry weight measure- 
ments when only a small number of spores are mvolved. 

An examination of Table III shows that the results obtained by this method are 
in good agreement with those obtained by traditional plate counts 

A useful point to make is that as the results for alI six species of Aspergibs are 
so similar, it is therefore not necessary to identtfy the organism to species level when 
connting. A count may be made on a worst possibIe predktion basis, i.c, the assump 
t~cril can be made that ah species are toxigemc and the material can be accepted or 
rejected on the basis of the spore count alone, 
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SEPARATION AND IDENTIFICATION OF SYNTHETIC ORGANIC 
PIGlMENTS IN ARTISTS PAINTS BY THIN-LAYER CHROMATOGRAPHY 

G A _MILOVANOVI+, M EU!STI&!?OLAiIc and T J JANJIi: 

lnsrrmre of Chmmsir_~, Facuir) of Sciences, Umnllersrt, of Beograd P 0 Bor 550, 11001 Beograd ( Yugo- 
sIa;m) 

(Recwed June 2nd. 19S2) 

SUMMARY 

A thm-layer chromatographrc method on sthca gel IS described for the separa- 
tton and rdentrficatton of synthettc orgamc pigments m artists’ OIL and acrylic paints 
SIX solvent systems are proposed, and it is estabhshed that, except m the case of pamts 
contaimng phthalocyanme prgments, the presence of theebmdmg medmm has no 
effect on the separatrons and R, values obtained For the removal of bmdmg medium 
from phthalocyanme paints, a multrple extractton wtth suitable solvents 1s suggested 

INTRODUCI-ION 

Knowledge of the composmon of paints IS of great rmportance for the solutton 
of the growing problem of the conservatron and restoratton of pamtmgs, as well as for 
the recogmtron of their authenttctty and datm,. a The tdenttficatton of pants IS also 
mdrspensrble for the control of then purtty_ Finally, a knowledge of pamt com- 
position IS important in view of the fact that often there IS a difference between the 
details supplied on the contamer and the actual chemical composmon, not all pamt 
manufacturers provide catalogues of the chemtcdl compositions of their pamts 

Drfferent methods have prevtously been applied for the analysts of synthetic 
prgments used m artrsts’ pamts, e g , optrcal and chemical mtcroscopy, mfrared spec- 
trometry, reflexron spectrophotometry, etc Recently, a spectrophotometnc method 
was used for the identrticatron of pigments which were mrtrahy separated by drssolv- 
mg them m suitable solvent systems’ However, m all these methods, drfficulttes arise 
when chemtcally slrmlar compounds are to be tdenttfied; the task IS made even more 
ddlicult by the fact that samples are not pure, I e , homogeneous, in the chemical 
sense. Therefore, it seems that chromatographic methods of analysis which allow a 
srmultaneous separation and rdenttficatron of these ptgments offer an appropnate 
solutton Such methods may also be regarded as complementary to those mentioned 
above- 

So far several authors have used thin-layer chromatography (TLC) for the 
analysrs of synthetrc orgamc ptgments Most attentron was paid to the analysts of azo 
pigments which are often encountered Thus, MC Clure et al_’ separated ptgments of 

fIO21-%73/82jllOW4WOjSO27.5 p 1982 Elsewer Screntlfic Pubhshmg Company 
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the followmg groups_ acetoacetarylide, 2-naphthol, 2-hydroxy-3-naphtharyhde, dye 
deri\atnes, dmzo pqnents, phthalocyamne and perylene, respectively. GaSpariE3 
carried out the separation of azo pigments belonging to the acetoacetarylide, 2- 
naphthol, pyrazolone, 2-hydroxy-3-naphtharylide groups, as well as lake azo dyes; m 
addition to TLC. he also applied paper chromatography. BaieP invesugated the TLC 
of azo and dlazo pi-men% incIudmg sparingIy soIubIe azo pigments and polycyclic 
pigments_ The potential of TLC for the separation of chemically similar pigments 
whose spectra exhibit only slight differences has also been pomted out by BIllmayer 
and Kumar’. 

AI1 these m\estigatlons were carried out with pure pigments; to our knowIedge_ 
no attempt has been made to analyze chromatograpbically pigments present in art- 
ists’ paints In thrs study v,e have investigated the posslbdity of appIication of TLC to 
the rapid and efficient separation and ldentlfication of synthetic organic pigments 
most often present m artists’ oil and acrylic paints_ 

EXPERI\lESI-AL 

For TLC separatxons thin-layers of s&a ge1 H (Type 60; E. Merck, 
Darmstadt. G.F.R ) were used. Chromatographic plates (20 x 20 cm and 13 x 20 
cm) were coated with layers of 300 pm thickness; a mixture of 35 g of slhca gel and S5 
ml of distdIed water was used, which was sufficient for coatmg 5 or 8 plates, respec- 
nvely. The coated plates were dned m the air overnight_ Pure pigment solutions were 
chromatographed m parallel wth solutxons of samples taken from paint tubes. These 
solutions (2-5-3 mg per 3 ml of the solvent), prepared by heating. were apphed to the 
plate by means of a capillary tube_ Spots were dned m a stream of warm air. The 
development was carried out in commercial tanks for 20cm plates for l-l.5 h at 20 5 
2’C_ Onh in the case of systems 17 and IS, the development time was 3 5 h 

Reagent grade sohents nere used for dlssolvmg the samples and for prepara- 
tion of the solvent systems_ Multi-component sohent systems were thoroughly 
shaken in a separatory funnel before use, and where two layers were obtamed the 
upper la>er was applied for chromatography (solvent systems 14 and 20). 

The removal of the binding medmm from acqhcs containing phthalocyanme 
pi_gments was effected by multiple extractions with acetone; before ex.tractlon. the 
paints were dried m the air for 24 h_ For the removal of the bindins medium from 011 
paints, successive extractions were made \~th the following sohents: petroleum ether, 
benzene, ether and acetone_ The residue after extraction was dned m a drymg oven at 
110%. In the case of other paints it was not necessary to remove the medium, since It 
was found that this does not affect the separation and R, values obtained. 

All the investigated piments are in use in the f%rm TaIens (The Netherlands), 
as were the 011 and acryhc pamts which beIonged to the Rembrandt series 

RE5iLL-l-S h\D DISCUSSION 

A hst of the pigments mvestigated 1s presented m Table 1. 
InWstigations of the solubiliry of these pygments in a large number of orgamc 

sohents have shown that some dissolve in ahnost alI the solvents applied (methanol, 
cyclohexane, chloroform, acetone), whereas others are either sparingly soluble or 



TLC OF PIGMENTS IN PAIVTS 

T4BLE I 

LIST OF INVESTIGATED PIGIMENTS 

Generrc name 

Plgmenr Yellow I (PY 1) 
Pigment Yellow 3 (PY 3) 

Pl_aent YelloH 97 (PY 97) 
Pl_aent Yellon 100 (PY 100) 
Rgment YelIou 110 (PY 110) 
Pl_ment Orange 1 (PO I) 
R-went Orange 5 (PO 5) 
Pl_gment Orange 43 (PO 43) 
Pl_ment Red 7 (PR 7) 
Pigment Red I2 (PR 12) 
F?_ment Red 53 (PR 83) 

Pt_gment Red 112 (PR 112) 
Pigment Red 122 (PR 122) 
Puzment Broun 25 (PBr 25) 
P&nent Violet 19 (PV 19) 
Pl_gment Violet 23 (PV 23) 
Pl_gment Green S (PG S) 
Pa_gment Green 7 (PG 7) 
Pl_ment Blue 15 (PB 15) 

11650 
11710 

11767 
19140 1 

1173 
12075 
71105 
12420 
12355 
5sooo I 
1270 
73915 

11510 
165ao 
51319 
10006 
73260 
X160 

Acetoacetaryhde 
Acetoacetar$lde 

Acetoacetaryhde 
iMetal a20 salt 
bmethme pI_ment (Isomdohnone) 
Acetorcet~hde 
2-Yaphthol 

Vat Pigment (pennone) 
2-Hqdroxy-3-naphthar)hde 
2-Hjdroxl-3-naphthqlrde 
‘Vat Pigment * (anthraqumone) 

ZHydrou)-3-naphtharyhde 

Qumacndone 
Benvmtdazolone 
Qumaendone 
Dloxanne 
~Mlseellaneous metal complex piments 
Phthalocyanme 
Phthalocyanme 

msoluble m the most of the solvents used; however. the last group was found to 
dlssol\e m dImethy sulphoxlde, concentrated sulphunc acid and ethanol-sodmm 
hydroulde (9 l), respectively Accordmgly, the pl_gments were classified mto two 
groups (a) monoazoacetaryhde pigments, monoazo-2-naphthols and monoazo-2- 
hydrouy-3_naphtharyhdes, (b) metal dzo salts, Isomdolmones, permones, qumacn- 
dories, monoazobenzlmldazolones, anthraqumones, dlouazmes, metal compleles and 
phthalocyamnes Dlmethyl sulphoulde,was found to be smtable for the most of pug- 
ments ex:am.ned, on11 PV 23, PO 43 and PR 132 were dxsolked m sulphunc acid 

For the chromatographlc separation of the plbments more than 150 two- and 
multi-component solvent systems hake been clammed; those which \\ere found to 
afford the best results are listed m Table II 

The chromatographlc results for the first group of plLaents dre shown m Tdble 
III_ As is seen_ the best separations were achlebed with solLent system 14 Ho~eeter. 
better separations of red pl_ments, whrch elhlblted \ery slmllar R, values, were 
afforded by sokent system 4 

Chromatographxc separatton of the second s sup of pl_ments presented a 
complex problem on account of their poor solublhty, the pigments either remamed at 
the starting pomts, or gave diffuse or tailm, 0 chromat7graphlc zones On the basis of 
mvestlgatlons camed out with more than 100 solvent systems It has been found 
that those hsted m Table IV allow the ldentliicatlon of some pigments m spite of their 
slmllar RF values, smce different colour zones are obtained For example, the separa- 
tlon of PG 8 from PY 100 and PR 83 can be effected by the use of the solvent system 
16, whereas pl_gments PV 19 and PG 8 which etiblt only shghtly different R, values 
(only 0 03 RF units) can be tdentkd on the basis of differently coloured parts of 
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TABLE ii 

G A. MiLOVANOViC et al 

SOLVEm SYSi-F-MS USED FOR THE SEPARATION OF PiGlMENTS BY TLC ON SILiCA GEL H 

&X0_ Compomwn Proportion {v/v/r/ 

I 
2 
3 
4 
5 
6 
7 

S 
9 

10 
ii 
I2 
13 
I? 
15 
16 
17 
IS 
19 

10 

bndme-xytene-acetone 604020 
Chloroform-toIuen*binrene 40 40_40 
Toluene-pyndme-ethyl acetate 7030 30 
Benzene-c~oroform~~lohe~~e 2550 25 
Ethyl acetate-pyndme-toIuene-water 30 30 60 10 
Benzene-cyclohexanc-pyrrdme-water 501020 10 
Benzene-dohexane-pyndme 50 3020 
Toluene-aettc ac~c 70 30 
Pyndme-toluene 5050 
EthyI acetate-pyndme-acetone 40 40-10 
Nnroknzne-xytene 50_50 
hltrobenzenotoluentimethyiformanude 304040 
Benzen+qdohexane-chlorofo-5O_500 aahc acid 50 20 lo_20 
Eknzene-qclohexane~hloroform-50 % aatlc acid 6020 10 10 
Be~ne-tydohe~e~~orofo~~% acenc acnd 60_20 15 is 
Dnnethyfformamrde-d~methyisuIpho~de-pyndme-benzene 16I24_40 40 
EthanoIamme-dimethyI sufphoede-benzene 10 6010 
Ethanolamme-dnnethyl sulphoude-benzene 1530 55 
Nitrobenzene+hmethyl sulphotide-pyndme z5525 50 
Forrmc acid-1_2&chlorobe-e 8020 

TABLE III 

RF VALUES OBTAINED FOR THE TLC SEPARATION OF THE FIRST GROUP OF PIGMENTS 
ON SiLiCA GEL 

Pxgments are dssohed in pyndine except where otherwtse indzated 

Pgmeku RF x IO0 

I 1 3 -$ 5 6 7 s 9 IO II 1-I I3 I4 IS 

PY 1 
PY3 
PY 97 
PY ICI0 
PY II0 
PO1 
PO5 
P043 
PR7 
PR 12 
PR Iit 
PR 53 
PR I?? 

7s 34 53 
81 43 s9 
74 1 54 

0 0 0 
0 0 0 

b? - - 
76 - - 

0 - - 
- - - 

62 83 91 83 50 - - - 
75 90 % 88 66 - - - 
51 65 62 60 IS - - - 
ooooo--- 
ooooo--- 

- - - 73 7s 88 - - 
- - - 76 72 82 - - 
- - - ooo-- 
- - - - _ - 70 94 
- - - _ _ - 49 85 
- - - - - - 55 89 
- - - - - - 0 81 
- - - - _ _ 0 0 

2P 
51* 
24* 

o* 
0, 

27, 
26* 

ot 
33* 
26* 
24* 

46* 
58f 
2lf 

W 
0) 

27* 
3i* 

ot 
42” 
35* 
36* 

W 
0, 
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TABLE IV 

RF VALUES OBTAINED FOR THE TLC SEPARATION OF THE SECOND GROUP OF 

PIGMENTS ON SILICA GEL. 

PIgmeEts are dxsolwd m &methyl sulphoude unless otherwse mdxcated 

16 17 IS 19 20 

PBr 25 O-100- 79 0-ioOrr 96(tall) 0 
PV 19 97 7399*f 96 93 a 
PV 23* 58 95 99 81 92 
PG8 94 97 97 86 89 
PY loo 84 IO0 9s 85 6.5-99- 
PY 110 O-100- 76 68-93- 0-100- 0 
PC7 0 0 12 0 0 
PB15 0 0 0 0 0 
PR 83 98 99 97 98 99 
PR IX* 1 1 9 1 7 
PO 43* 2 0 7 3 65 

* Dissolved m concentrated sulphunc acid 
* In the case of diffuse zones the RF vahs of both ends of the spots are g\en 

zones which do not overlap Solvent system 17 IS the only one which allows separa- 
tion of PBr 25 from PY 110. As is seen, PG 7 can migrate from the starting pomt only 
upon the apphcation of solvent system 18 Fmally, the separation of PO 43 and PR 
122, as well as of PV 19 from PR 33, can be achieved by use of solvent system 20 The 
results obtamed show that a given pigment can be chromatographed by the apph- 
cation of several different solvent systems, the actual choice depending on the com- 
positron of the sample analyzed 

On the basrs of these results we attempted to apply this method to the separa- 
tion and rdentrfication of pigments present m about SO or1 and acrylic paints The 
results of the chromatograp’mc separations are shown m Table V It may be con- 
cluded that the analysis of these or1 and acryhc paints can be performed with the use 
of the SIX solvent systems 4, 14, 16, 17, 18 and 20 Good agreements betueen the R, 
vah~es of pure prment samples and those obtained for samples taken from pamt 
tubes were achreved It follows that the bmdmg medium has no effect on the separa- 
tions and RF values obtamed, which makes possible analysis of pamt samples without 
pnor removal of tlus medmm. However, m the case of paints containing phtha- 
locyanmes the medium has to be removed smce rt was found to interfere with the 
chromatography_ The identrficatron of the prgments was carned out both on the basis 
of their RF values and on the colours of the correspondmg spots From the results 
obtained it can be seen that arttsts’ pamts often contam mrxtures of pigments, since 
manufacturers mix different pigments m order to attain various colour tones. 

We concluded that the chromatographrc method described IS very surtable for 
raped analysrs of synthetic organic prgments m artrsts’ oil and acrylic paints Its 
advantage lies m its accessrbrhty to small laboratones which are not equipped with 
expensive and complicated apparatus 
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TABLE V 

CHROMATOGRAPHIC RESULTS FOR SYNTHETIC ORGANIC PIGMENTS IN ARTISTS OIL 
AND ACRYLIC PAINTS 

Simple 
ntmlber 

Sample nmne Ptgmenr i&nl:fied SoA en! 
qsiem 

011 p-mls 
1 Takns yellow 
2 Talens yelrow lemon 
3 TaIens >eIIo& deep 
4 St11 de gram ~aune 

ii 
Dutch vcrmiion ex 
Madder lake lqbhr 

7 &Madder lake deep 
S Rose madder 
9 Rose madder It (aln) 

IO Takns red purple 
11 Talens red deep 
12 Brow-msh madder 
13 Rembrandt rose 
1-X Rose madder antique 
15 &iphaRum extra 
I6 St11 de gram brun 
17 Permanent wolet 
IS Rembrandt blue 
19 Cmnabar green l&t* 
20 Permanent green hght* 
11 SP seen 
21 Rembrandt green 

.icrJ fir putnrs 
1 Lemon yeliow 
3 Talens >~llow h&t 
3 Talens orange 
-I Ttiens yellow deep 

2 
Carmme 
Permanent red hght 

7 Pesmment red deep 
S Talens rose 
9 Permanent wolet 

IO Rembrandt blue 
11 Rembrandt green 

PY 1 14 
PY3 I4 
PY 1 -PO43 14.20 
PY loo 16 
PO5 14 
PR 83 16 
PR 83 16 
PR 83 16 
PR 83 16 
PR 12 - PR 112 4 
PO5 t PRllZ 14,4 
PBr25 A PR83 17 
PV 19 16 
PV 19 16 
PYIOO,PGSTPR83 I6 
PVlOO+PGSrPRS3 16 
PV 23 16 
PB 15 IS 
PY 3 14 
PY 3 14 
PY 110 -I- PGS 17 
PG7 IS 

PY3 14 
PYl i-PY3 14 
PO 1 14 
PYlrPO43 14.20 
PR 12 T PV 19 4 16 
PO3+PRllZ I?,4 

PR7 4 
PV 19 16 
PV23 16 
PB 15 18 
PG 7 18 

* The green colour of the pggnent ongmates from the morgamc pygment 
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Precautions in preparing whisker-walted open tubular columns 

THEODORE I_ WIsHOUSKY* 

V&znosa Unirersq-, Vcihwrur, P-I Is1085_ and Merck Skarp & Dohme Research! Lnborarorres, West Pomt 
PA 19435 (UXA ) 

ROBERT I- GROB’ 

Department of Cfremiw~, VL%mora Un~rersil;j, Viiianora, PA 19085 (US A ) 

and 

ANTHONY G ZACCHEK 

Merck Sharp bi Dohme Research Lnbormorres, Nest Pomr, PA 19&?6 (U S A ) 

(Recewd June 14th. 19fQ) 

Previous reports demonstrated that the poor wettabrhty of the smooth glass 
surface complicated the coating of open tubuIar columns_ Roughenmg techniques, 
such as the bvhisker growth method were deveIoped to alleyate the problems as- 
sociated wrth coatmg polar liquid phases. Stmhes by Schieke et al l-‘, usmg scannmg 
electron microsaphic techniques, revealed the nature of the whisker surface of the 
glass open tubular coiumns after treatment with ZchIoro- I, I &rifluoroethyl methyl 
ether. The condrhons of etchmg ether concentratron and treatment temperature were 
further studred by Sandra and Verzelea for preparatron of this mrcrocrystalhne sihca 
growth Although capillary column technolo_q has advanced consrderably wrth the 
development of fused-s&a cohunns, the whisker glass surface remains advantageous 
for coatmg polar liquid phases In addrtion, this approach has utrhty for gas-sohd 
chromatography applications’. When used for such applicahons, rt was found neces- 
sary to make adJustment to the methods cued to optnmze column charactenstrcs 
This report descrrbes such modifications as well as the precautions that should be 
taken dunng the preparatron of whisker-wallcoated open tubular (WWCOT) col- 
umns_ 

EXPERIMENTAL 

Materials 
All solvents were distilled in glass and purchased from Burdick and Jackson 

Labs- (Muskegan, MI, USA.). 2-Chloro-l.I,2-tnfhtoroethyhnethyl ether (etchmg 
ether) was purchased from PCR Research Chemxcals (Gamesvtlle, FL, U S A.) Cor- 
mngPyrex774Oglasstubmg, 10mmOD x 25mmI.D andbmmOD x 4mm 
LD , whrch was purchased from A. II Thomas (Phrladeiphra, PA, U S A.), was 
drawnmtocapdIarytubingImm0.D. x 025mmI.D and1mmOD x 05mm 

f Present address Smith Khxe AnmA He&h Products, West Ckter, PA 193&O. U S A_ 

002 l -9673jS2j~jSO2 73 Q 1982 ELsewer Saentifk Pub&stung Company 
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throughout the column 4s lllu~tr,lted m the wxnnmg electron mlcrogr,~ph\ ( Ftg 1) 
the \rh&er denhIt? .it the end \\ here the etching ether KJ\ InJected (septum end) ~‘14 
more dense th,m at the oppalte end (\xuum side) Ob\ IOUSIJ the etching ether LX.~\ 
not dlstrtbutsd aenl! throughout the colu~~~n The qA~crIL.~I L.I~> on top of the 
\\hlshers obtancd m this procedure \\a-r‘ ~11so reported b> SLhwLe cf (I/ * Thew 

\phcrcs N hxh \\err’ rcmo\ cd .tfter 11 aAm c* the column u lth eth,tnol \xere thought tO 
wwlt from the relatl\el> short hold of I 11 at 100 C Another ,Ittempt to okun .I 

Fq 1 Scannmg rktron mlcrographk of the \rhAsr urtxr raultm, - from the st LIIL 1 icuunl rtchmg 

mrthod (tempsr.nurs programmed to 300 C and held there for 12 h) rl = xptum end b = \aLuurn trd 



1s hOTES 

umform u hisber gro\\ th using their approach u as made employing the modlficatlon 
dticnbtd b> Sandra clnd Verzele*. namel, temperature programming the column at 
I 5 mm to 400 C. The final temperature \\a maintained for 12 h as suggested by 
both goups_ Although Sandra and Verzelea stated that the etching ether IS more 
e\enl> d~stnbuted_sc.tnnmg rlectron micrographs of the resultmg surfAce (Fig_ 2) still 
mdic~te that the \\hAer densit> \ids grexer at the septum end_ The \\hlskers ‘it the 
\.~cuum end wre Llppro\imatel> tnice as tall JS those Ltt the septum end_ it 1s note- 
\\orth> th&lt the sphericA caps \xere not present \\rth this trc.xment_ 

In \I~U of the lath of unrfornut> of lbhisker growth, the foIIo\+mg modlfi- 
c,lrton\ \\r’rc mltde the kxuurn remcimed attached to the glass capillary column while 
the ctchmg cthcr N&S injected through the septum end in such ‘1 manner that bubbles 
\\crc mtcbpcrxd bet\\een small qu.mtmes of the etching ether_ This end \\as micro- 
torch w&d .md e\ xuatlon was continued to distribute ex enlJ the liquid d> namwxll> 
throughout the column The end of the column, \\hich wets attached to the xcfcuum 
b>>tcrn xx&13 rn contact \xith dr\ Ice to prelent loss of the etching ether through 
\,lpori7.uion This \~uurn end ~6s then microtorch sealed and the column ids tem- 
per.iturc trc.itcd for 11 h xcordm g to the pre\ious procedure Scannmg electron 
ml~rographs of the septum and \dcuurn ends of rl51-m glass capillary column treated 
IQ this f.k\hlon xe prwnted m Fig_ 3_ As mdxated. the N hlsher gro\\ th wrls of equal 
dcnslt> md height at both ends of the column l_!nfortunatelq, the results from treat- 
mg .t 102-m &AS capill+ column with thrs procedure produced non-uniform \\his- 
Lx gro\i th m cl Cushion opposite to that eyenencud pre\ iousl] (Fig 4) This fihenom- 
cnon \\A r,monahzed to occur because the dynamic coatmg of the etchmg ether 
under \ xuum proceeded so slo\\ 11 that the concentration of ether originall> present 
at the \eptum end continuall) mo\ed to\\ard the vacuum end_ The method of d>- 
ndrnlc coating the capdla~ with the etching ether N&S modified using nrtrogen pres- 
xure .IS descnbee b> Clari\S Appropndte prc&utions were Included to insure thclt 
the requxed amount of etchmg ether’ remained m the column for proper and repro- 
ductble \\ hrsher formation The procedure used NILS ds follo\+s: the capillary tubing 
~~13 \\,~shcd with one column Lolume of methanol in each dmxt~on. Dq nitrogen, 
~hrch LX&, uhsd at 50 p-s L to push the methanol throqh the column, \xas allo\ied to 
pan through the column o\emight_ This column uas then Installed on d glass tube 
hupport in the gels chromdtogrdph and connected to dry nitrogen at 50 p s i_ The 
column o\en temperature B&S programmed from 25 to 350-C at Yjmm with d final 
hold dtt 350 C for 12 h. One end of this cclpillary \+cds then connected using heat- 
~hnnb~blc T&on@ tubing to pi 2 mm 0 D_ end of a tapered l/-I in 0 D standard 
&S tube_ The dppropnate amount of etching ether (0 3 mm3/cm’; 2.46 &m for d 
0 15 mm 1 D_ capillan or 1-9 ,ul m for ..m 0 5 mm I D. capillary), as determined 
opt1m.d b\ Sandra and Verzele* to form H hishers 4-5 m long, wrts inserted mto this 
I -I m gI&s tube_ Thu tube WL\S secured with a SN agelok connection to a dry nitrogen 
supply dt 50 p&i_ The cdpdk-) ids d~namxdlly coated in this manner at constant 
hnex \elocq until the ether plug was exhausted within the last I-10 cods of the 
column. Both ends of the cqxllary were Jttached to vacuum and dry ice was placed at 
both ends to restnct remokai of the ether vapor. With the etching ether evenly dis- 
tnbuted after IO-15 min, both ends of the capillary were sealed wth a microtorch 
flame and the capiIIary was placed m the gas chromatopph- The column oven 
tempcrdture \\ti programmed from 25 to 4OO:C at 1 S’imm with a hold at 400°C for 
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12 h Under these condltlons ‘1 unfirom whtsher density lids obtamed throughout the 
entrre column After cooling, the ends of the cap111~~ \\ere brohen m a hood to 
releae the generated hydrogen fluoride gas The column was then connected to dr!, 
mtrogcn .lt 50 p s I m the g~\s chromatograph and the oben temperature N~S pro- 
grammed from 25 to 200 C ‘lt Z-/mm with J hold dt ZOOLC for 6 h bpon cooling, the 
nitrogen ~‘rls replaced with oxygen at 50 p s I and the column temperature pro- 

kg 3 !kmmng electron mIcrograph of the uh&zr surfxr rrsultmg from the d~n.mxc \auum &nmg 
of a 51-m column (temperature progammed to 100 C .md held there for 12 h) J = heprum end b = 
1 xuum end 



Fig J %zmrnn_e sleetron m~cro_~phs of the whsker surface resultmg from the dyn.umc ~~uutn etchmg 
of LL 101-m cokmn ttempemture pro_garnmed to 4OO^C and held there for IZ h) a = septum end. b = 
~axnnn end 

grammed from 25 to 45O’C at l”,min 1~1th a hold at 45OT for 12 h to remove the 
resrdual carbon deposit. After coohn,. 0 the x\ husker cap&try column was mtcrotorch 

sealed for storage if not immediately used 
The means of supporting the cap&u-y during the whisker-growmg process was 

found to be very important to obtain uniform \%hisker growth m each co11 of the 
column- Ongmally, a wxe WI.S used to suspend the capillary (horizontal co11 aws) m 
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the gas chromdtogrdph o\en A slight Irregular frosted looh wds observed where the 
CdpIllary was touchmg the hanger wre This ared became a bare spot after .tcId 
lexhmg \%tith 20 ?i hydrochlorx acld A photomIcrograph of this bare spot compared 
to that of dn unexposed dred for dn 0 5 mm I D glass cdpdldry Column Is presented In 
FIZZ 5 A large staIniess steel support co\erm g one quarter of the co11 dIdmeter ~‘1s 
found to cause rrreguldr whtsher growth where the capillary touched this surf&e This 
ids Indicated by small bdre blotches (after acid 1edchIng) rdther th‘m Cl continuous 
bare dred. ds seen In the photomlcrograph of an 0 35 mm I D glass cdpIllary column 
In Fig 6 compared to d photomIcrograph of dn unexposed dred Since the eas chro- 
matograph o\en was constructed of staInless steel, Asbestos sheets \\ere used to 1Ine ‘1s 
much of the olen ds possible to eliminate Its Influence on the whisker grow. th process 
-i\ glass tube support created b‘tre spots &It times N here the c,IpIll,Ir> colunn touched 
the &ss tubing Also. \\ hen the ~011s of the capIlLry column \\erc too clobel> pached 
together dunng the LX hIsher go\\ th process_ bdre spots along the sides of the ~011s 
\\ere observed A support method \\hIch did not create bare spots ,md pro\Ided 
undisturbed 1% hIsher form&Ion employed ‘I wre nr‘tpped wth ,tsbestos t,tpe upon 
N hIch the coils of the column were exenl! spaced 

The L acuum method of Introducing the etching ether Into the gldSS cdpIllar> IS 

wIt,lble for preparmg columns of less than 50 m In length Ho\\e\er. the dqn,ImIc 
procedure tclhmg care to dIstrIbute e\enl> dn dpproprIate ‘md reproducible concen- 
tratron ,md of etching ether. pro\ Ides uniform 1~ hIsher growth In columns In ewess of 
100 m m length The bare spots In the whIskered columns were only c IsIble ds hcd\ 11) 
frobted .Ire,is until the acid-1wchIng step of the dedctIvdtIon method wds found to 
remole the appxently unattached \\hIsLers from the g&s burike Tdhmg exe to 
Irne the o\en remits ,md cdprlLtr> support \\irth ‘I non-ff~hmg asbestos m,tterI,tI .md 

Fig 5 Photomlcrogaphs of; whsler-walled &ss cap~Ua~ column a = exposed to d x\~re b = dn 
unexpossd m-e2 



I62 NOTES 

-- 
Fip- 6 Phoronucro_gaphs of a uh&.er walled glass capzlla~ columns a = eqxxed to J. sheet of stamlas 
steel: b = an unexposed area 

heepmg the cods e\enIy spaced during the whisker-growth step eiimmdted this prob- 
lem_ 
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Note 

Deactivation& whisker-walled open tubular columns with octamethyl- 
cyclotetrasiloxane 

The mcreasrng awareness of the glass surfxe chemlstr) of open tubular coi- 
umns hs led to lmpro\ements m deactix atIon methods m\ol\m,o acid lexhrng tech- 
niques followed by .sLu-uzatlon Reports’ 1 ha\e xndxated that dcld ledchmg remokea 
metal Ions from the glass surface dn obser\&on that wds confirmed by Auger spec- 
troscopy3_ Back-mlgratlon of the metal Ions from the bulk glass to the surface wds 
observed at high temperature4 5 and d ledching depth of 5-8 jlrn was suggested to 
prekent this phenomenon’ Various s&mlzatlon methods clt moderate temperatures 
\%ere mvestlgated for dedctl\latlon of the glass surfdce’+l’. howeLeer_ sLmizdtlon only 
succeeded ds a vldble dedctlvatlon techmque when high temperatures (30@-400rC) 
were used” I3 Subsequent studies which incorporated these modifications, as well ds 
ne\+ s&xuzatlon reagents* 14-16, d emonstrdted marhed Improvement in deactivdtlon 
With the adkent of the fused silica column, Stark ef al I7 demonstrated that oc- 
tamethylcyclotetras~lo~ane provided thermostablhty to 35O;C for coating dpolar 
hquld phd%S on such a surface This report describes a method to dedctl\ ate whlsker- 
walled open tubular columns with this reagent 

EXPERIMESTAL 

The whisker-walled open tubular columns were prepared ds reported else- 
u here” Octamethylcyclotetrasilovdne (OMCTS) was purchased from Ohio Valley 
Specialty Chemrcal (Marietta, OH, U-S-A_)_ C oncentrated hydrochionc acid was pur- 
chased from Fisher Sclentlfic (King of Prussia, PA, U S A ), and a 20 p0 solution WdS 

prepared in M&-Q@ filtered drstilled water 

* Present address Smnh Kline Ammd Heaith Products West Chester PA 19380, U S 4 
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RESljL3-S *ND DISCXSSXON 

The per&lation method of the Grobs13 14, employing hexamethyldisdazane 
(HMDS), was stud& for the deactivation of whisker-walled capdIaries However, the 
resuiting columns, although reasonabIy good when evaluated with a polarity test 
mixture, deteriorated rather quickIy ( =z 2 weeks), indxating Ioss of deactivation, even 
when the columns were sealed under mtrogen- Wth whisker glass capillary columns, 
a prohlbltive amount of ammoma was liberated as a by-product of the HMDS reac- 
tion in compmson to a 30 % column volume produced with smooth glass capillary 
columns. Thus observauon was thought to result from the Increased surface area 
(ca IO txmes) of the u husker-x4kxi column reactmg with more HMDS than observed 
\ilth a smooth-w&led column of sim~.lar dimension This excess ammoma was postu- 
lated to cause the poor deactivation stablhty since, as mentloned by Grobl*, excess 
ammonia continually exposes more of the s&a &ss structure_ 

The Grob technique I3 l4 of acid leachmg and dehydration combined ulth the 
octamethyIcycIotetrasiloxane reagent Introduced by Stark er al I7 for deactivating 
fused sdica caplllarq columns produced well deactivated whisker glass capdiary col- 
umns 

The whisker-walled glass capillary was leached wxth acid accordmg to the 

folIowing procedure: both ends of the capdlary were straightened to approximately 
30 cm in a Bunsen burner flame_ The column was filled to a volume of ca 92 o/o 
capacity with a 20% hydrochloric acid solution usrng dry nitrogen The ends of the 
capillary were microtorch sealed and the column placed in a beaker in a vacuum oven 
where the temperature was gradually raised to 180°C and the oken evacuated to 60 
Torr. After 16 h, the acid soIutlon was washed out of the cap&uy with one coIumn 
\oIume ofwater followed by a one-coIumn volume \\ater wash m the opposite direc- 
tion_ The cap&u-y was positioned m the gas chromatograph with the straight ends 
protrudmg outside abobe the oven_ The cap&u-y surface, regardless of column 
length, \&as dehydrated at 150°C for 20 min with the column ends open to the atmos- 
phere_ Vacuum (120 Torr) was then applied to both ends of the capillary through a 
glass T-piece connected to a water aspirator for a Ume dictated by the column length 
as described by Grab’“. As soon as the oven temperature was lowered- both ends of 
the capdlary were immediately sealed under vacuum. On6 end of the cooled de- 
hydrated capillary was broken and immediately nnmersed m octarnethylcyclotetrasi- 
louane. After a sufficient amount of this solution was drawn into the column, this end 
of the column was attached to an SGE glass septum connection and dynamically 
coated at a velocity of 2 cm/set w&h pressure regulated dry nitrogen. Immediately 
after coating, both ends of *he capillary were attached to vacuum (120 Torr) for a 
specified time 1-t The ends mere microtorch sealed and the column was placed in the . 
gas chromatograph- The oven temperature was programmed from 250°C to 400°C at 
lO”/min and held at 4OO“C for 12 h. One end of the column was broken under toluene 
and sequentially washed once in each direction with one-third column volume of 
toluene, methanol and diethyi ether. Dry nitrogen was employed to push the solvent 
through the coIumn_ The dry column was subsequently connected to the injection 
port of a gas chromatograph and SUbJeCted to temperature program treatment from 
40°C to 250°C at 6*/n& with a final hold of 1 h at 250°C. A hehum Cafner gas 
pressure of 10 p S-I. was maintained during this period. At this point, the deactivated 
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Fig I Chromatogram of a polanty test mwure on an octameth~Ic@otetras~lovane deactnated ahlsker- 
\ca&d glass Caplhy COhmn (1s m x 0 25 mm I D , d, = 0 2 m), stdtx coated wnh SE-30 Lmedr 
\eloclty 155 cmkc h = 3375 plates per m Hehum earner gas at 20 p s I X = 11 5 Temperatures 

detector, 245% qector, XO’C, column, 53°C Spht ratlo 100 1 Attenuation 32 x 1 Sample polanty 
test mixture m hexane Peak 1 = %octanone, 1 = n&cane, 3 = l-octanoi, 4 = 16_drmethylphenol,5 
= 2$-dmethylamlme, 6 = n&&cane 

column was sealed under mtrogen for storage or dlrectlq coated with a hquld phase 
A 25 m x 0 25 mm I.D. whisker walled glass capdlary column deactivated m 

this manner was statlc-coated with SE-30 at a film thrckness of 0 2 pm A chromato- 
gram (Fig 1) of a test mixture, which was separated on this column, illustrates the 
results obtamed usmg this deactivation techmque Whisker-walled capdlanes de- 
activated with tlus procedure have provided thermal stable columns coated Lvlth OV- 
17 (>27O”C), OV-210 (250°C) and Carbowax 20M (220°C) Using thrs techmque on 
an OV-210 coated column was found useful in the separation of bloloscally tmpor- 
tant prostaglandms I9 The dramatic ddference m ths separation compared to that _ 
obtamed with an SE-30 column resulted from the Inherent vanatlon m the selectlvlty 
offered by OV-210. This deactivation procedure allows the preparation of stable 
columns coated unth moderately polar and polar hqmd phases Such stable polar 
columns provide the Increased selcctlvlty necessary for difficult separations, as d- 
lustrated by the prostaglandm studies 
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Recent advances in capdlary coIumn technolqg has made capxllary column 
gas chromatography more attractive than eker, although more or ltss senous 1m- 
perfections of the sample mtroduction techniques may restrict its full utilization 
Vanous methods have been developed to cu-cumvert lnddequate tnJector designs 
Spht InJectIon’ 2, pre-column samphng3 and the so-called falling-needle technique4 
are examples of methods that are destgned to reduce or ehmmate the problem with 
the solvent The so-called solvent front effect techn1ques-8 takes advantage of the 
presence of the sohent, which m fact aids m utrhzmg the high resolution of the 
capillary column This latter technique IS employed mainly 1n connection \vlth spht- 
less inJectIon and enables injection of microliters of sample The relationship between 
the bo1hng pomt of the solvent and the initial column temperature 1s essential 1n this 
technique A quite thorough evaluation of various parameters of the techmque has 
been performed by Yang et aLg usmg a Vanan sphtless uqector with septum and 
Injector purge They conclude, for example, that the m&al column temperature 
should be 15--30°C below the bolhng point of the solvent; that sample sizes between 
0 I and 10 PI can be inJected; that the rate of sample 1nJect1on should be about 1 
$/set, that the period of time 1n which the syringe needle IS resident 1n the InJector 
should not be less that 20 set and that the InJector purge delay time should not be less 
than 40 set 

This paper presents an Injector deslp that ehm1nates most of the drawbacks of 
the conventlonal sample mtroductlon systems with their rudiments from the era of 
packed column gas chromatography and allows an uncomphcated introduction of d 
sample_ 

EXPERKMENTAL 

In a Vanan 3700 gas chromatograph, equipped wxth flame iomzauon detectors 
and a make-up gas devxe, xas a Vanan sphtless 1nJector (\wth septum purge but no 
InJector purge) instalIed_ The dual-pen recorder was a Varian 9176 lvlth one channel 
adjustable span. 

0021-96731821 ooo(Mooo/502 75 p 1982 Hsevler Saentic Pubhsbmg Company 



16s NOTE!3 

RESULTS AND DISCUSSION 

The Varian splitless rqector 
This commercially available injector consrsts of a metal body in which a glass- 

lmed stainIess-steel tubing is inserted_ The carrier gas enters through the intermedrate 
space, which 1s enclosed by metal surfaces (Frg. 1). The captllary column is connected 
to the glass-lined insert_ A part of the carrrer gas flow is purgmg the septum to 
prohibit the septum bleed to enter the column and to avoid memory effects. The 
purse flow is controlled by a fkx restriction_ 

column 
Fis 1. lke Varxau sphtks injector for updlaq column gas 
volumes that are accessable to the can-xx gas and \aponnxl 

chromatography 
sample 

Shaded areas mduzate the 

Extracellular fluids (from biopsies and cell cultures), which had been elec- 
trophoretieahy extracted and fkactionated10 11, were analyzed regarding their con- 
tents of Iow-molecular-weight organic compounds. A very kited fraction of acidic 
metabohtes, de&at&d in N,N-dimethylforxmunide with N-methyl~N-(?ert.-butyldi- 
methyIsilyl)tGfiuoroacetamide (MTBSTEA, Regts), was analyzed by caprkry column 
gas chromatography employing the Vat-k sphtkss injector_ Unacceptable chromato- 
grams, similar to that in Fig 2 (upper panel), were obtained_ 
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Fig. 2. SplttIess m~ecuons (2 fl) of the same MTBSTFA-denvatued sample dxsolved m dlmethylform- 
amcde and chromatographed on a 30 m x 0 25 mm Durabond DB-5 column (J & W Scxntic), bur with 
cl&&rent mjccrors_ The oven temperature was 1OO’C dunng the zmt& 8 mm and then mcreased at 4O/nun to 
300°C. The mmor temperature was 220°C and the detector temperature was 31O’C T&e veloaty of the 
hehum camcr gas was about 20 anfsx. The chramatograms were recorded at a span ratio of 1 SO_ Upper 
panel mje&on anth the Vanan sphtks mqeztor, rmddle panel m~ectron wth tie mock&d Vznan mqector; 
lower panel mjccuon wxth the novel_ preevacuated .nJector 
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Tests wrth pure and non-polar soIvents, such as isooctane, showed that a 
decent solvent front could not be obtained at high attenuation (e g ,2 - IO-" A). The 

insert was replaced twice with new, cleaned and silanized ones and various column 
temperatures, sample volumes, rates of injection and periods of time in which the 
syringe needle resided in the injector were tested without any acceptable result_ In 
most cases a second and even a third small shoulder appeared, which together wrth 
the wide and tailing main solvent front strongly mdrcated problems with dead vol- 
umes md back flush. 

The shaded areas m Frg 1 show the volumes, which are filled wtth carrxer gas 
and during an injection wrll contain the vaporized sample. From the viewpomt of 
dead volumes the space between the insert and the injector body is excesstve and 111 
particular the volume between the gas inlet and the ferrule. During the vaporization 
process part of the sample will expand into this space and be exposed to a large, hot 
metal surface and with the well known risk of decomposition of sensitive organic 
compounds. Another remarkable dead volume 1s between the extended inner tubing 
of the insert, the nut and the ferrule for the connection of the capillary column. 

The tnodljFed Varian spirtless mjector 

The following modifications were made to reduce the dead volumes to improve 
the performance of the injector_ The purge outlet was replaced by the carrier gas mlet 
and the original inlet was plugged- The inner diameter of the mlet tubing was reduced 
to diminish the risk of back flush. The space between the insert and the injector body 
was eliminated by sealing the top of the insert to the inner top of the inlector body 
with a graphite disc_ A hole was made in the center of the drsc for the passage of the 
syringe needle- The dead space in the nut for the column attachment was filled with 
graphite by wrapping a small piece of graphite band around the protruding part of 
the insert- The dead volume was now reduced to the volume between the septum and 
the emrauce of the column and which is enclosed by glass walls except for a short 
distance in the injector body between the septum and the msert. 

The result of this modif5cation is shown in Fig. 2, middle panel. Tests wrth non- 
polar solvents showed a greatly improved shape of the solvent front; total elimmation 
of the third shoulder and an almost elimmated second one. The wide shape of these 
latter shoulders indicated bleeding from volumes not flushed by the carrier gas. This 
was substantiated by removing the graphite fillmg 111 the lower nut which caused the 
last elutecl shoulder to reappear_ 

The rate of injection and the time the syringe needle was kept in the injector 
had no longer any influence upon the appearance of the chromatogram- Thus, it is 
most hkely that the syringe needle has to be kept in the injector for a period of tune to 
reduce the tendency of back flush into both the dead volume between the msert and 
the iulector body and the inlet tnbing. The slow rate of mjectron avoids a fast buildup 
of pressure, which increases the back flush. Even though the performan~ of thrs 
modified version of the Varian injector could be regarded as substantially improved, 
itwzss&llrmmtlsf~ 

IVie pre-emcuatedi@2ctar 
The new desigu of au injector for sphtlessinjectron, as shown in Fig 3, allows 

the introduction of a sample into a closed and evacuated volume. The vaporization 
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process IS not hampered by an lmtml pressure; the sample IS not dduted and spread 
out in volume and tune by the tamer gas flow dunng the vaponzation and the nsk of 
back flush IS reduced_ 

He 

Sample loop 

CapiLLary column 

Fzg_ 3 The desr_gn of the nokel pre-evacuated qector (For detads, see text) 

The Injector was constructed by means of two zero-dead-volume, hlgh-tem- 
perature valves (Valco Instruments Co_) and glass-hned stamless-steel tubmg (Sclen- 
tlfic Glass Eng )_ The valves were mounted on an L-shaped bar as close to each other 
as the nuts at the ports 3 and 7 (Fig 3) allow Two holders (aluminum) for two Vanan 
Injector heaters (85 W each and coupled 1x1 parallel) and a temperature probe were 
mounted on the L-shaped bar, which was fastened to the frame of the gas chromato- 
graph at the Iocation of the onginal inJector_ The entire construction (valves, sample 
loop and heaters) was msulated mth msulation material_ 

The length of the glass-hned tubmg (0.4 mm I.D.), whch serves as transfer hne 
from the injector to the cap&u-y column, was made as short as possible by mountmg 
the zero-dead-volume connector (I/ 16 in.) ciose to the cetig of the oven_ The septum 
holder was made of a reducing umon (l/4 to l/l6 m.) and the bottom of which had 
been fIattened. In the center of the septum nut (made of alummum) a glass-hned 
tubing (0 3 mm I D ) was soldered to guide the syrmge needle through the septum and 
to hit the 0.3-mm hole of the glass-hned tubmg, whxh IS connected to port 2 of the 
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six-port valve- The Iength of this tubing was adapted to the Iength of the syringe 
needle so that., when Wy inserted, the tip of the needle is 1-2 mm from the core of the 
valve rotor- Fort 1 has a short and plugged glass-lined tubing (0.3 mm I-D-). The 
glass-hned tubing (0.7 mm 1-D.) connecting port 4 with port 10, the sample loop, was 
arbitranly cut to a length of 10 cm_ Thus, the injector volume is about 40 fl_ A single 
stage, od vacuum pump (ultimate vacuum of 10 Torr) was used to evacuate the 
injector through ports 8 and 9. 

The injector is operated in three sequential modes: evacuation, sample loading 
and injection_ During the evacuation ports number I and 3; 2 and 4; 5 and 6; 7 and 8; 
9 and 10 are connected (indicating by thin lines in Fig 3)- The injector system is 
evacuated all the way from the septum while the column is suppl~cd with carrier gas. 
The injector will be ready for the loadmg of the sample by switching the four-port 
valve to the position, which connects ports 7 with 10 and 8 with 9 (thick hnes m Fig. 
3). The vaporized sample is injected, wthout removing the syringe needle, by switch- 
ing the six-port valve to the position where ports 1 and 2; 3 and 5: 4 and 6 are 
connected (thick lines in Fig. 3)_ The carrier gas is now diverted so It wdl push the 
volatilized sampIe out of the injector and onto the coIumn. A negligible small fraction 
of the sample will bc trapped and lost in the ~ohunes at the ports 1 and 2 as can be 
Seen in Fig. 3. The syringe needle-is kft inserted during the sample loading and 
injection to diminish the dead volume and reduce the sample loss. Dcpendmg upon 
the velocity of the carrier gas the sample 1s transferred to the column in 10-20 sec. 
Usually after 30-60 set, the six-port valve 1s reversed first followed by the four-port 
v&e. The injector will then be evacuated, \kMe the chromatographic process con- 
tinues unintelnlpted. 

The performance of this injector is exemplified in Fig. 2, lower panel. Bcsldes 
the noticeable differences in sharpness of the solvent and the two reagent peaks, a 
steady baseline is achieved_ The peaks with longer retention times, particularly in the 
upper panel, are mainly ghost peaks with a characteristic non-reproducibility. There 
are fewer of those in the middle panel, and none in the lower panel. 

The internal volume of the injector was arbitrarily chosen (see above) and has 
not been evaluated regarding a hkely optimal ratio between its volume and the in- 
jected sample volume, but has been found satisfactory for sample volumes up to 0.5 
JL Larger volumes (up to 2 d) have been injected with good reproducibility but w& 
loss of linearity_ A wxdcr range of linearity should be achievable by increasing the 
volume of the sample loop_ The loss of linearity is most likely due to leakages de- 
veioped at the high pressure created by the injection of too large a sample volume. 
Incomplete volatilization due to excessive pressure cannot explain non-linearity as the 
entire sample should be vaporized as soon as the pressure is released by opening the 
valve to the cohnnn. 

Even though the two valves are quite costly as well as the pump, it faIis short of 
the price tag of most commercially available injectors. The performance of this new 
injector surpasses -at. least the commercial one used in this laboratory. The prc- 
evacuated and closed sample loop ensures efficient volatilization of the appropriate 
sampie volume at reasonable temperature without a dynamic d~Iution by the carrier 
gas_ The excellent reproducibility may be attributed partly-to a ckan injector (ex- 
posu& to continuous vacuum) with no hot me@ surfaces. Additional factors such as 
barcITy any exposure 0Mie septum; no unnw andunfhlshed~ead vohlmes and 
most likely very IZttIe back flush make this Cn$ctor reIiabIe and easy to operate. 
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Substituted benzeneboromc acrds are of considerable importance as reactive 
hgands for a6nity chromato_graphy’ and as denvatizmg reagents for use m gas chro- 
mato_graphy (GC) with electroncapture detectron’. Since simple boronic acids, such 
as butaneboronic acid, are well known as derivatizing agents for btfunctronal organic 
compounds3, it is reasonabIe to expect sample bifunctional compounds to be useful 
denvatizing reagents for the more complex boromc acids_ A general scheme for the 
reaction IS grven (Scheme l)_ Other workers? have briefly reported the denvatization 
of electronegative aromatic boromc acids with pmacol (2,3dthydroxy-2,3- 
dimetbyIbutane)_ For the purpose of analysis by GC-mass spectrometry &IS), we 
preferred the use of propane-1_3-ciiol or 1,2-drhydroxyhenzene as denvatizing agent 
for substituted benzeneboronic acrds’ Both of these methods4 5 involved 
derivatlzation pnor to GC analysis_ This note describes a simple on-column deriv- 
atizatron of boronic acids wrth propane-i ,S-diol. The new procedure has a number of 
advantages over the conventtonal one. For example, it is shown that volatile com- 
ponents in a mixiure of boronic acids can be exammed separately by uqection of the 
underivatized mrxture, followed later by an mnjection of the denvatizing reagent for 
subsequent characterization of the boromc acrd(s) present 

X= O.Nq 

R= (cr,),,, ~~ 0: 
scheme 1. 

A third method for analysis of boronic acids by GC has been reported6. It 
entails dehydration and trimerization of boronic acids to boroxmes (trioxatriborans), 
a reaction whtch can also be brought about in the gas cbromatograph rf the injector 
port is maintained at an elevated temperature 4 6 This older procedure has not heen . 
used because many substituted benzeneborocic acids after cyclization aiford more 
than one GC peak4 and because boroxines of substituted benzeneboronic acids have 
very long retention times 5_ Also, the method is not smtable for mrxtures smce con- 
densation between different boronic acid components would lead to complex borox- 
ines. 

ao21-%73/K?_ 150275 Q 1982 EIsevler Scxntdk Pubbsbing Company 
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EXPERIiMENTAL 

hfaterlals 
The boronlc acids described herein were syntheslsed 1n this department 1n 

respect of 1ts work on reactive hgands for affinity chromatography’ Their synthesis 
will be described elsewhere The exception to this 1s 2-d1methylaminomethylbenzene- 
boromc acid whrch was kindly suppl1ed by Professor G Wiiiff Propane-l ,3-d1ol was 
obtained from Fisons Sc1entlfic. All solvents used were redistilled before use 

The propane-1.3-d1ol reagent comprised 50 mmol of the d1ol 1n 100 ml pyn- 
dine-ethyl acetate (1-l) 

Gas chronratograpfz~ 
A Pye-Un1cam 104 senes gas chromatograph with game-ionization detector 

was used The glass column (5 ft x 4 mm I D ) was packed with 3 % OV-17 on Gas- 
Chrom Q, 100-120 mesh The oven temperatures used were between 140 and 210°C 
(see below) and the injector temperature was set to be as near as possible to that of the 
oven Argon (40 ml/mm) was used as carrier gas 

Gas chron~atograp fzj -IIUJSS spectrometq 
The Instrument used was a VG M1cromass 7070F coupled to d Pye-Un1cam 

204 gas chromatograph and a Frnnlgan Incas data system The GC column and 
cond1tJons were as above except that hellurn was used as tamer gas The GC-MS 
interface was a single-stage, all-glass jet separator, mamta1ned at 250°C Ion source 
conditions accelerating voltage, 4 kV, electron beam energy, 70 eV; emission current, 
200 fi; 1on source temperature, 200250°C. 

Methods 
The aromatic boron1c acid sample was dissolved 1n a suitable solvent (usually 

ethyl acetate or methanol) and an ahquot (ng-pg range) injected onto the GC 
column- After elunon of the solvent, the propane-1.3-d101 reagent (2 fi) wds injected 
to denvatrze and hence elute the borotuc acrd(s) The time between the two 1nlect1ons 
was vaned between ca 2 and 30 mm (see below) 

Conventional “bench” preparation of cychc borondte esters uses the sdme 
denvatrzmg agent and has been described elsewhere5 

RESULTS AND DISCUSSION 

A typxcal analysis IS shown 1n Fig. 1 for a mixture of benzene- and Cmeth- 
ylbenzeneboromc acids_ The llrst trace 1s that obtamed for the propane-1,3-&ol re- 
agent only (I e a blank) and the second, showmg no peaks other than solvent, for the 
underivatrzed boromc aced mixture After 10 mm, the denvatlnng agent was Injected 
and trace c was obtamed Two well-shaped peaks were observed for the two cychc 
boronate derivatives, the small peak elutmg soon after the solvent also being present 
m the blank (an lmpunty m the denvanzmg reagent) The 1dennty of the elutmg 
species in_ all cases cited here was checked by combined GC-MSS. To cheek that 
denvatrzatlon was complete, a further Injection of the d1ol reagent was performed and 
this showed no cychc boronate ester peaks (Fig Id) In fact, even when the column 
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Fig l_ GC analysis of a rmxture of benzene- and lmethylbenzeneboromc acid_ (a) Propane-1,3-drol m 
ethyl acetate-pyridme only, (b) underivatized mature of boronic a&s m ethyl acetate, (c) mJectlon of 
propane-IJ-drol m ethyl acetate-pyndme to effect on-cokmn denvatrzanon. and (d) repeat mpction of 
propane-1,3-dxol m ethyl acetate-pyndme AU mJectlons were consecunve mth a IO-mm delay between 
each_ GC condmons: 3% OV-17 at 140%; iqector tempuature, lSWC_ 

Fis L GC anaIyss of Cmethyl-3-mtrobenznebxomc acid In-on points (INJ), of undentatized aad 
in methanoi (a) followed by propane-l&ho1 denvamng reagent (b), arc shown GC condltrons- 3 % OV- 
17; CotUmn and i~JCCt0~ temperaturr, z~=c_ 

was overloaded with a boroonic acid, on-cohunn derivatization was complete and no 
memory effects were observed_ 

Isolated boronic acids occur as mixtures of the acid and the trunenc cyclic 
anhydride (boroxine) Also, it has been reported that benzeneboronic acid undergoes 
conversion to tnphenylboroxine in the injectton port of a gas chromatograph4 6. 
Therefore, it seems hkely that the material adsorbed at the top of the column prior to 
derivatization is a mixture of the boromc acrd itseIf and its boroxine, the compositton 
depending on the temperature of the injector heater and the chemical structure of the 
acid. Since the drol derivatizing agent reacts with both species to give the same cyclic 
boronate ester, this situation does not interfere with the analysis. The temperatures of 
the injection port and a packed OV-17 column required to form triphenylboroxine 
from benzeneboronic acid and then to elute it are 270 and 200°C respectivelye, 
whereas the temperatures of the injector and oven in the present study were 150 and 
MOT respectively, reflecting the greater voiatility of propane-1,3-dial benzenebo- 
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ronate. If the boroxuc acid itself or the boroxme derived from it were to spread or 
elute slowly through the column before on-column denvatrzauon were effected, 
broad peak shapes wouId be obtained with retentxon times squficautly less than 
those of the authentic cychc boronate denvatlves. Smce this problem would be most 
severe with the most volatde boromc acid of the aromatlc family, a comparison was 
made of the GC behavlour of pre-formed propane-i .3-d101 benzeneboronate5 and the 
same denvatlve formed on-column_ Under condltlous gzvmg a retention tune of 57 
min for the pie-formed denvatlke, the retention time m the on-column expenment 
was 5 5 min. Whilst this slight reduction m retention time was observed (relative 
retention time 0 9651, there was no observable band-spreadmg with both peaks 
having Hrldths at half-height of 17.7 set 

The potential problem of efficient trappm g on the top of the column was 
examined also for 4methyl-3-mtrobenzeneboromc acid With the inlet port and 
column at 2OO”C, the retention time of the cychc ester derivative was measured to he 
10.1 min when the reagent solution was inJected 6 mm after the boronic acid, 9.7 mm 
when the delay between injections was 12 mm, and 9.5 mm wirh a delay as long as 30 
mm The peak wxdth at half-height was 33 set m each case with no slgmficant talhng 
Again, some movement of the boromc acid and/or its boroxlne through the column 1s 
mdlcated but no loss of resolution occurs_ In this short study, GC conditions were not 
opumlzed. In particular, Iowenng the temperature of the Injector was not investigated 
but would be expected to reduce or ehmmate the varlatlon m retention time Repro- 
ducxblhty would be enhanced by qecting the denvatlzmg agent a set time after the 
boromc acid inJectIon_ 

For conventional formation of cyclrc boronate esters, the range of sultable 
solbents IS hmited to ethyl acetate, dlmethylformamrde, pi ndme, tetrahydrofuran 

by--proUroct 
c “1 

1 3 5 7 g Ttre(mm) 

Fig. 3 Analyss by GC-MS of the uuxture resultmg from rutration of ~~ethylarmnomethyl~encbo- 
romc acrd usmg conventloml derivauzanon (a) and on-column denvatmstlon (b) qecaon of unde- 
nvatmxi rmxture and (c) m~ectron of denvatmng agent The mlet to the eon source was opened m each case 
lmmedlately after elutxon of the soIvent Note that alI three wmenc produiic~mp0uads 2j were ob- 
served only wrth the oncolumn procedure (cf- traces a and c) and that compound 1 was present pnor to 
denvauzation (trace b) GC con&fions- 3% OV-17 at ISOT for 2 mm, then temperature Increased to 
110% at P/mm, Injector temperature. 250°C (a) or 175% (b. C) 
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and chloroform3. Some of the more polar benzeneboronic acids are hardly, or not at 
all, soluble in these solvents and so could not be deri\atized. However, the restrxtion 
on solvents is remcved by use of the oncoiuruu reaction and even alcohols can be 
used. To ilhrstrate this, on-column derivatzation of a sample of 4-methyl-3- 
nitrobenzeneboronic acid in methanol 1s shown in Fig. 2 wrth a 3.3 mm delay between 
injection of the methanolic solutton and the denvatrzmg agent The peak width at 
half-height (38 set) was increased shghtly over that obtained (33 set) when using ethyl 
acetate as solvent. 

n 
0-B-O 

cr W-b-$ er Y(CH35 

h4 NOz 

t t 

Two further advantages of the on-column procedure became clear durmg a 
study by GC-MS of a mixture resulting from nitration of 2-duuethylaminomethyl- 
benzeneboronic acrd. Conventional derivatization followed by GC-MS analysis af- 
forded two major peaks correspondmg to Isomers of compounds 1 and 2, and tvco 
minor peaks assigned to a second isomer of compound 2 and a by-product due to 
further reaction of compound 2 wrth the diol (FI,. 0 3a). First, we reqmred to know d 
compound 1 was formed during derivatrzation or was present in the nitration prod- 
uct_ Injection of the underivatized mixture showed that compound I was already 
present (or formed on the column) as seen in Fig 3b. This dlustrates that volahle 
components can be characterized separately. Subsequent mjectron of the denvatrzmg 
agent afforded the trace shown in Fig 3c The two isomers of compound 2 were 
readrly observed, the by-product was not detected, and a thrrd isomer of 2 (not 
observed in the pre-formed horonate mixture) was seen to elute at the end of the 
analysis. We propose that this Iast cychc boronate ester, when formed during conven- 
tional derivatization, reacts further to grve, in part or whole, the observed by-product. 
During on-column derivatization, contact between substrates and reagents is transi- 
tory, thereby drastically reducing the chances of further reaction occurring. The fact 
that compound I is also present after on-column derivatrzahon indicates that it is 
formed during derivatization as well as being present in the original mixture and/or 
being a thermal product of the boronic acids (see above). 

COrKLUSION 

The method of oncolumn derivatizatron reported herem has been employed 
suLzfidIy with several aromatic boronic acids and mixtures thereof_ It is now used 
routinely 1~1 this laboratory_ The advantages of the procedure are: (1) speed and 
simplicity of analysrs, (2) use of any solvent commensurate with gas chromatography, 
including *hose unsuitable for the “bench reaction”, (3) separate characterization of 
voIatiIe compounds r’i mixtures of boronic acids is possiile smce Long delays between 
injechon of sample and derivatizing agent are tolerated-without loss of ch;omato- 
graphic efficiency, and (4) difficulties with cyclic boronates that are prone to further 
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reaction upon conventronal derivatrzatton are removed The drsadvantages are that 
(1) some solvent talhng is inevitable with pyndme and propane-l ,3-drol m the reagent 
mixture and (2) shght vanatron m retentron trmes 1s observed_ Standardrzatron of the 
procedure, rmprovements to the denvatrzmg reagent solutton and optrmrzatron of 
GC condmons are expected to reduce or ehmmate disadvantages 
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Gas chromatography of alditol acetates on a high-polarity bonded- 
phase vitreous-silica column 
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Monosaccharides are often analysed by gas chromatography of their alditol 
acetates on polar phases. Recently , glass capillary columns coated with the polar 
cyanoalkyl silicone phases, OV-275’ and Silar IOC’ 3 have been used to separate 
aIditoI acetates. However, these glass columns are difficult to handIe because of their 
lack of flexibility and poor mechanical strength. Thts problem can be overcome by 
using flexible vitreous-s~hea columns which are easy to install in gas chromatographs 
and interfaces with mass spectrometers_ Vitreous-silica also has lower levels of metal 
otides and other impurities that may adsorb reactive compounds or cause catalytic 
breakdown of the chromatographic phase. Non-polar phases, such as SP-2100, can 
be coated onto s&a columns, but give relatively poor resolution of alditol acetates”. 
Polar phases give good resolution, but are unstable when coated onto the non-polar 
surfaces of vitreous-s&a coiumns. l&s instabihty can be overcome by cross-hnkmg 
within the phase to give a bonded or nnmobihzed phase’ 6_ In this paper we report the 
chromatography of aldltol acctatcs on a high-polarity wall-coated open-tubular 
(WCOT) column, BP-75, produced by bondmg the poIar phase, OV-275, on vitreous- 
al&l. 

EXPERIMENTAL 

Sugars were obtained from the following sources: L-arabmose, BDH, Poole, 
Great Bntam; 2-deoxy-n-nbose, Koch-Light, Colnbrook, Great Bntain; p_mannose_ 
Pfanstiel Labs., Waukegan, IL, U.S.A.; D-allose, cellobiose, 2-deoxy-D-glucose, L- 

fucose, D-gaiactose, D-ghCOSe, L-rhamnosc, D-ribose and D-xylose, Sigma, St- LOUIS, 
MO, U.S.A. Myo-inositol and erythntol were from BDH. Laminantetrose was pre- 
pared by the method of Clarke and Stone’. 

‘f Permanent address: The Grassland R esearch Instttute. Hurley, Maidenhead, Berks SL6 5LR, 
Great Bntain 
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Preparatmz of aldltol acetates 
AldrtoI acetates were prepared from monosacchandcs by the method of Blake- 

ney et aL3. Permethylatcd, peracetylated alditols were prepared as described by Jans- 
son el al_*. 

Gas chronrarography 
AIdrtol acetates were separated on a 6 m x 0 2 mm I D , BP-75, vitreous-srhca, 

WCOT column (S G E., Melbourne, Austraha) m a Hewlett-Packard 57lOA chroma- 
tograph eqmpped with a flame-ionization detector and a S-G E. Unijector cap&u-y 
mJectron system, used III the spht mode (spht ratio 4 I) The end of the cohunn was 
located at the pomt wrthm the heated sechon of the InJectron sphtter at whrch equrv- 
alent sphttmg of each component was achreved H&r-punty hydrogen was used as 
the carrrer gas at a flow-rate of 1 3 ml/mm. Aldrtol acetates were separated usmg a 
temperature program of 170°C for 4 mm followed by a 4”C/mm nse to 230°C. Per- 
methylated, peracetylated aldrtol acetates were separated usmg a temperature pro- 
gram of 150°C for 4 mm followed by a 2”C/mm nse to 230°C The mJectron port and 
detector were heated to 250°C and 300°C respectrvely. Peak areas were recorded 
using a Hewlett-Packard Model 3380A reportmg Integrator 

L 
IO 20 

TIME (mm) 

r----l 
I 

I 
I 1 I 

5 IO I5 
TIME Cmm) 

FIN. 1 Separation of 13 alddoi acetates on a 6-m B-75 wtreous-nhca cohnnn Temperature program 
170°C For 4 mm, then 4”C/mm to 230°C Peaks I = erythntol, 2 = deoxynbltoi, 3 = rhamn.tol, 4 = 
fucltoi, 5 = nbltol; 6 = arabuutol, 7 = xyhtoi, 8 = dexxygluatol; 9 = alhtol, IO = manmtol, 11 = 
gidact~tol; 12 = ghxxol, 13 = mostd 2 fl of dirhloromethane contammg the aldltol acetates dewed 
from 3 p,g of each monosasxhande was mjected 

Fig_ 2_ Se-on of permethylated al&to1 acetates on a 6-m BP-75 vitreous-ulrca column Temperature 
program- 1SO”Cfor 4 mm. then 2X- to 230°C Peaks- I = ~3,4,6-tetramethyl-l,S-dracelylglucltoI, 2 
= ~4,6tnmethyi-1,3,~~a~l~u~tol, 3 = 2,3,6-methyl-1,4,EtnacetyIglua~ol 
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RESULTS AND DISCUSSION 

The separation of 13 aldnol acetates on a BP-75 vitreous-silica WCOT column 
is shown in Fig_ 1. The resolution is comparable with that obtained on a Solar 1OC 
glass support-coated open-tubular (SCOT) column (28 m x 0.5 mm 1.D )’ All com- 
ponents were separated in less than 20 mm, however, faster separations are possible_ 
For example, by using a temperature program startmg at 140°C and rising at 
16T/min to 250°C all 13 alditols, except deoxyribitol and rhamnitol, were separated 
in less than 9 min. Routine separation of simple mixtures with widely dtfferent relattve 
retention times may be completed in even shorter *&es. Permethylated alditol acetates 
were also well resolved on this column (Fig. 2). 

The tlexrbility of the vitreous-srhca column allowed easy mampulatton of the 
column and the bonded-phase has several advantage? 6_ Bonded phases have good 
thermal stabrhty which increases the life of the column and the iow phase bleed 
reduces background in mass spectrometry. Contaminants can be removed by washing 
with solvents without effecting the chromatographic properttes of the column. 

The combination of the high resolving power of a polar phase with the prac- 
tical advantages of a bonded phase on vitreous-sihca suggests that thts column should 
find wide application in the analysis of complex nnxtures of monosaccharides and in 
methylatron analysts. 
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Note 

High-performance liquid chromatographic analysis of short chain car- 
boxylic acids as p-bromophenacyl esters: idsntif ication and separation 
of a decay product 

R L PATIENCE? and J D THOMAS 

School of k%o~ogrcal Scrences. Unrversrrr of Susser. Faimer, Brrghxon BNI 9QG (Greur Brrram) 

(Rece~red July 16th. 1982) 

It has been shown prevtously’ that short cham cdrboxyllc acids m aqueous 
systems can be determined by extraction with diethyl ether, estenficanon with p- 
bromophenacyl bromide2 aad analysts by reversed-phase high-performance hquid 
chromatography (HPLC). However, one problem encountered was the formatron of 
a “decay” product from p-bromophenacyl bromide m the presence of chloride ionl. 
Tlus non-reactive product co-eluted wrth the propanoate ester under the chromato- 
graphic conditions used As many aqueous samples -for example marme waters- 
contain sum&ant amounts of chloride, this “decay” product could be mistaken for 
propanoate Thus a method was described whtch largely overcame this problem 
However. as p-bromophenacyl bromide r&elf appears to contam a small amount of 
this component, ultimately the best solution IS to find chromatographic conditions - 
reported here- which allow separation of propanoate and the decay component In 
addition, the latter has been characterized from its mass spectrum. so that its sus- 
pected ongm could be confirmed 

EXPERIMENTAL 

Reagents 
Glassware, double distilled water and chemicais were prepared as before’ 

HPLC apparatus 
The HPLC system consisted of 6000A and M45 pumps coupled to d M660 

solvent programmer (all Waters Assoc), a Rheodyne 7125 loop mlector (20 pl) and 
pBondapak Cl8 column (30 cm x 3.9 mm I D , Waters Assoc.)_ Column effluent 
passed through an S-PI flow-cell m a Cecil Instruments CE 2112 UV rariable-wave- 
length spectrophotometrrc detector set at 254 mn, connected to a Bryans 28000 chart 
recorder. The mobile phase was acetomtnle and water, total flow-rate 2 ml mm- ’ 
Gradient and isocrattc condrtxons are given below 

_klbss spectra 
Mass spectra of p-bromophenacyl bromide and the decay product were ob- 

tained vra a probe inlet on a Kratos MS 25 double focussing mass spectrometer. 
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ionizing voltage 70 eV; filament emission curre.nt 100 jtA; source temperature 200°C. 
Spectra were collected on a Kratos DS 55 data system_ 

Procedure 
(a) fiterzjkation of stmabd acti. Briefly, carboxylic acids (acetic, propanoic 

and butanoic) were converted into Kf salts by addition of aqueous potassium hydro- 
gen carbonate. Esterikation occurred with addition of excess p-bromophenacyl 
brormde/lS-crown-6 (ratio ca. 1O:l) in acetonitriie and heating (80X, 20 mu@. 

(b) Formation of the ‘decay”product_ Hydrochlonc acid (1 M) and potassium 
hydrogen carbonate (0-l M) were added in equal mole amounts to form potassium 
chioride. p-BromophenacyI bromide/l8-crown-6 were added so that no bromide re- 
mained after heating. The decay product was the only or-tic component detected 
when the sampIe was analysed by HPLC. It was purified b> thin-layer chromatogra- 
phy on silica gel G (eiuent: hexane-diethyl ether, 7:3), before analysis by mass spec- 
trometry. 

(c) HPLCseparation ofpropanoate ester and decay product. Aliquots of esten- 

1 
P -bromophanacyl 
chlorrde 

8 

i 

2 

0 
. 

p-bromophenacyl 
bromide 

*a 

Fig I- Electron mnpzc2 mass spectra of p-bromophamcyl chIoride andpbromophenacyl bromide _ 
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fied acids formed m a and the product from b were combmed to form one sample, 
wluch was used for separation of the two coelutmg components 

RESULTS AND DISCUSSION 

It was suggested previously that the decay product, formed fromp-bromophen- 
acyl bromtde m the presence of chloride ion, m&t be p-bromophenacyl chlonde 
Thxs is indeed the case, as the mass spectrum m FI, -0 1 shows (the mass spectrum of the 
bromide IS Included for comparison)))“› This IS important for three reasons: (I) environ- 
mental samples which contam short cham carboxyhc acids often contam sgmficant 
amounts of chioride as well. ExtractIon techmques whrch do not exclude chlonde ~111 
result m formatlon of p-bromophenacyl chlonde at the denvatlzatlon stage (11) p- 
Bromophenacyl chlonde is non-reactive for esterification purposes and appears to 
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Fxg. 2 HPLC separations of standard aads (C&J (p-bromophenacyl esters) and p-bromophenacyl 
chlonde Condmons X+l loop m~ection on pBondapak C,, coiumn, flow-rate 2 ml mm-‘, UV detection 
X4 nm (a) Acetomtnle-wafer (50 50) ~socrahc eluuon (b) Acetomtnle (20-52:<) and water, llnedr 
gra&ent eluuon m 40 mm Cz = acetate; C3 = propanoate, C4 = butanoate, CL = chloride, BR = 
bronude (startmg mataxal) 
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form more readily than the acid esters (ni) The chIoride derivative and propanoate 
ester co-elute on reversed phase HPLC under isocratic conditions used previously 
(acetonitie-water, 5050) (Fig_ 2a) As it 1s difficult to prevent compietely formation 
of the chloride derivative, separation of the co-eluting components was attempted. 
This can be done under isocratic conditions, and baseline separation was achieved 
using 35 oA acetonitriIe However, this Ieads to significant peak broadening and very 
long retention times for butanoate and higher acid esters (> 60 min). Instead, a linear 
gradient programme of 20-52 % acetonitrile in 40 mm was found to he the best set of 
conditions (Fxg. 2b). Each component is eluted as a sharp peak, and propanoate and 
the chIoride are separated to baseline_ Retention times are still longer than under the 
unt~al isocratx conditions, but thrs IS felt to be a worthwhJe sacrif?c since propanoate 
can be assigned with greater confidence_ 
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Human fibroblast cultures can provtde a good means for studymg collagen 
metabohsm and Its aheratrons m numerous diseases Vanous methods have been 
reported for spcctfically measurmg collagen m fibroblast cultures and m other bro- 
logcal samples, based on the presence of hydroxyprohne (Hyp) whtch IS charac- 
tenstrc of the collagen molecule’. Some of these methods are based on spectrophoto- 
metnc determmatron of Hyp after hydrolysis, ovtdatton and extraction of the 
sample’ 3 Other procedures utthze the mcorporatron of [3H]- or [‘%j-Hyp after a 
hydrolyses and a long senes of oxidattons and extractronst6, or measure the soluble 
“C-labeIIed proline and Hyp obtamed by collagenase digestton of the sample’**_ 

Unfortunately, these procedures are often tedrous and trme-consummg and 
most of them utrhze radroacttve matenals 

The present paper reports a simple and very rapid method for Hyp assay m 
fibroblast cuItures, usmg hrgh-performance hqmd chromatographrc (HPLC) separa- 
tion and determination of the 4-drmethylaminoazobenzene-4’-sulphonyl (dabsyl) de- 
nvattves of ammo ads in the hydrcdyzed sampIes. 

MATERIALS AND METHODS 

Apparatus 
The ,YPLC system (Perkin-Elmer) consrsted of a Model Senes 3 solvent-de- 

livery system, a Rheodyne 7120 mlectton valve with a lo+1 injectton loop, a Model 
LC 100 coIumn oven and a Model LC-55 B vanable wavelength UV detector operat- 
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ing at 486 nm_ A reversed-phase RP-S column (Brownlee; 25 cm x 4.6 mm I.D., 
particle size 10 W) was used. All chromatograms were recorded on a Perkm-Elmer 
Model 56 recorder. The mobile phases were. A. acetomtnle, 1 66 m&I acetic acid and 
6 99 mM orthophosphonc acid, pH 3.5; B, 10 rnA4 sodium acetate, 1.66 mM acenc 
acid, pH 3 00 adjusted with orthophosphonc acidg. Other condlhons were: flow-rate, 
1 S ml/min; pressure, 3-M MPa; column temperature, 40°C. Solvent program. TI = 
10 mm (30-34x solvent A), gradlent curve 1; TZ = 10 min (34-60% solvent A), 
gadient curve 0 3 (Fig_ I). 
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Fig 1 !%hent pro_- used for the cohmn elmon_ Sohent program T, cume 1, T2 curve 0 3 

Reagents 
r_4[3H(G)]Hydroxyproline (13H]Hyp), specific actimty 5 4 C~/mmol, was pur- 

chased from New England Nuclear (Boston, MA, U S A.). Dabsyl chloride, 3 3 
m&n! in acetone, was obtained from Pierce (Rockford, IL, TJ S A ). N-Methyl- 
famine (99 % purity according to a liquid chromatographic assay), hndly supphed by 
Professor Adembri, was used as an internal standard. Acetomtnie LKhrosolv, highly 
purified Hyp and other standard ammo acids were obtamed from E Merck 
(Darmstadt, G-F-R_)_ Solvents and other chenucais were of AR grade. 

Procedure 
Fibroblast cultures_ Human fibroblasts, obtamed from normal donor skin ex- 

plants, mere cultured as previously described ‘O Supematants and cell monolayers of . 
early confluent fibroblast cuhures were used as samples for the HPLC procedure- 

Flbroblasts (2 - lo6 cells per flask)werecultured for 72 h at 37°C (PH 7.4) to reach 
visual confluency with and without ascorbic acid (100 pg/ml) m the medium. Then 
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supematants were collected; cell monolayers were solubihzed with a 0 5 M NaOH 
solutron, washed three times with warm Hank’s balanced salt solutton and collected 
Supematants and solubihzed cell monolayers were then hydrolyzed (3 N HCI, over- 
mght at 130°C) The hydrolyzates were neutrahzed at pH 8 9 with 4 M K&O, 

Dabs~Iatron The dabsylatron reaction was performed as described pre- 
v~ously~~. The reaction mixture consisted of 20 ~1 of the neutrahzed sample hydroly- 
zates, 20 ~1 of 0 1 M Na,CO,-NaHCO, buffer solution (pH 8 9), contammg 6 2 pmol/ 
ml of tntemal standard and 20 ~1 of dabsyl chlonde solutton The reaction was 
allowed to proceed at 70°C for 6 mm with constant shakmg A lo-p1 volume of the 
reaction mixture was injected into the chromatograph 

Calzbratzon curve. Standard solutions of Hyp, rangmg from 0 I9 pmol/mI to 
3 3 ~mol/mI, were processed as descnbcd above The cahbratton curve was obtained 
by calculatmg the ratro between the peak heights of Hyp and the internal standard 
and plottmg these ratios against the concentrations This curve was used to convert 
peak hetght ratios of unknown samples mto Hyp concentration 

RESULTS 

Separatzozz of dubsyGHJp 

Fig 2 shows a typical chromatogram of btoiogtcal samples (supematants + 
cell monolayers from fibroblast cultures) processed by the method described It can 
he seen that a good separatron of dabsyl chloride, N-methyltaurme and Hyp was 
obtained The retention times of the Internal standard and Hyp were 8 and 15 2 mm 
respecttvely Dabsylated standard Hyp gave a single peak 

The Hyp peak was Identified on the basis of its absolute and relative retention 
time and by adding known amounts of standard Hyp to the samples_ By the same 
procedure It was posstble to identify the peaks mnnedrately before and after Hyp as 
shown m Fig 2 

In order to better Identify the Hyp peak [3H]H,yp was also added to the samples 
at vanous concentrattons and processed by the method described Throughout this 
procedure a linear correlatron (r = 0 997) was obtained between the smgle amounts 
of [31-IJHyp added to the samples and the radtoacttrnty found m the fractions corre- 
spondmg to the Hyp peak collected from the column 

Furthermore, no radtoacttvtty was recovered m the fracttons collected before 
and after the one correspondmg to the Hyp peak This contlrmed that Hyp gave a 
smgle derivattve under the analysis condtttons used. 

Some expenments were performed usmg a Perkm-Elmer LCS%Autocontrol 
vanable wavelength detector (equipped with a 2.4~1 flow-cell) which could record 
and analyze spectra of the single peak eluted from the column The UV spectrum of 
the fractxon corresponding to the Hyp peak overlapped (absorbance maxnnum at 
194 5 run) that of standard dabsylated Hyp InJected into the column under the same 
expenmental condrtrons. 

Further evtdence that no other dabsyl-postttve compounds m&t Interfere wtth 
Hyp was obtamed by usmg a @m-layer chromatographtc (TLC) procedure The 
fractron &ted from the column between 15 and 20 min after injection of the sample 
(cormspondmg to the last five peaks mcludmg Hyp in Ftg. 2) was separated on sthca 
gel G plates (Merck, 20 x 20 cm) by two-dtmenstonal TLC accordmg to Lm and 
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Fig L Representative chromatogram of dabsyl aenvatne of the biological sample DES = Dabsyl 
chloride; N-.MTAU = N-methyltaurme, GLU = glutamx acrd, HYP = lqdroqproblme. ARG = 
argimne; GLY = glycme; GLU-NH, = glutamme_ 

Chug’s method”. With this technique (Frg. 3), rt was posstble to demonstrate that: 
(1) only five dabsyl-posrtive substances were present in the fractxon collected from the 
cohunn and (2) these compounds corresponded to the five amino acids shown m Frg. 
2. The resulting TLC red spot corresponding to Hyp was submitted to gas chroma- 
tography-mass spectrometry which co-ed the purity of this fraction 

Anaij-tical variables 
Calibration curve and SensitisitJ. A linear cahbration curve was obtamed (y = 

0 2794113x - 0.0205341; r = 0.995). The mmimum detectable concentration of Hyp 
in our standard sampks was 458 pmoks. 

Recoteq. The percentage recovery was determined by measuring the levels of 
Hyp in a btologrcal sample to which known amounts of the standard ammo acrd had 
heen added. The resulting yield was 93 + 1.52% (mean value -t_ SE.; n = 9)_ 

Precision. Increasing amounts of Hyp were added to the same sample and 
processed by the same method. The results, expressed as the coefficient of variation 
gcw), ZCe szlxmn In-l&He L 
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Frg_ 3 Two-dnnensxonal TLC of dabgl ammo aads The fraction eluted from the HPLC column (see text) 
was concentrated to dryness under mtrogen, r&ssolwd m 0 5 ml of 0 1 M Na,CO,-NaHC4 buffer and 
then apphed at the ongm of the s&ca gel plate (cut mto 10 x 10 cm stnps) Solvents” A benzene- 
pyndme-acetic acid (80 20 5 v/v/\), B, toluene-khloroethanol-25% aqueous ammoma (100 80 6 7 
\/%.I’c) The rcsultmg fite red spots were ldent&xd by the same method as the dabsyl denvatnes of standard 
ammo aads Abbrewanons for ammo acids as m Fig 2 

HJP concentration in the jibroblast cultures In order to venfy whether the 
HPLC method was able to measure variations m the ammo acid concentration m the 
cultures, Hyp was assayed m Cbroblasts cultured wth and wlthout ascorbic acid m 
the medmm’“l’_ The expenments were perfornzed m duphcate dunng a penod of 3 
weeks A statistIcally sIgnScant decrease m totai Hyp content (from 0 804 5 0 007 to 
0 434 + 0.008 jLmol/ml; p < 0 001; n = 5) was observed when cells were cultured m 
ascorbic acrd-free medium. 

TABLE I 

PRECISION OF THE HYP HPLC DETERiiINATION 

A, Data obtamed by processmg the sampIe various mes dunng a smgle day, B day-to-day prec.non, 
evaluated durmg a penod of 6 aeeks n = Number of assays 

ffJP 
concentrafron 

(f--J&4 

cv (%) 

ri (?I = IO) B [n = Ii) 

029 52 62 
0 58 14 41 

1 17 4.5 41 

470 47 61 

c 
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DISCUSSION 

The aim of the present study was to produce a rapid and practical method for 
determining the concentration of Hyp 111 fibroblast cultures and other biological 
samples by HPLC with dabsyl derivatizatlon 

The specifklty of the method was based on: (1) absolute and relative retention 
rimes of the m&o acid: (2) collection of standard rHJHyp in the fractions corre- 
sponding to the Hyp peak; (3) enrichment of blologxal samples by standard prepara- 
tion of Hyp. 

The scnsitikxty was lqher than the method reported by Prockop and Uden- 
friend’‘’ who utihzed a spectrophotometric assay. It was not possxble to compare our 
results with those obtamed by other ‘+ groups hecause they used radloisotopx assays 
and expressed values as dpm per mg of protem. 

The yield was almost the same as those reported by Prockop and Udenfnend’ 
and Peterkofsky and Diegelmann’. On the other hand, it was higher than those 
achiexxl in other procedures-. 

The present m&&od h as the advantage of not requinng an evtrachon step. In 
fact. after hydrolysis of samples, only 6 mm are needed for dabsyl derivatization and 
a further 20 min for chromatopphlc separatxon Furthermore_ it has a hitier sensl- 
twity and the same >xeld as the previously considered procedures Only a small 
volume (20 fl) is required for the analysis and, what is more, use of radioactive 
materials is avoided. 
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Note 

Facile, semi-preparative, high-performance liquid chromatographic 
separation of synthetic peptides using ammonium bicarbonate buffers 

D R KNIGHTOV. D R K HARDIYG J R NAPIER and W S HANCOCK* 
Dqarmenr of Chemsrn _ Bxochenusm and B~opins~cs Cfasser Umterstrt Palmersron ,\orrlt I i\ett 

Zealand) 

(Rccc~\cd Jul> 16th 19SZ) 

An Important goal of our high-performdnce hquld chromatography (EIPLC) 
studies’ ’ has been the development of d sunple procedure for the punficatlon of 
synthetic peptldes prepared by the sohd phase method3 Frequently a small scale 
synthesis ~111 yield X-100 mg of crude pezptxde which IS contammated by aberrant 
peptldes produced by side-reactIons_ A recent study* 5 demonstrated that the Radial- 
Pak C,, columns that are used m the Waters Radial Compression Module are partlc- 
ularly stutable for the separation of peptIdes’ The purpose of this report IS to demon- 
strate that this separation system can be used for surpnsmgly large sample loadmgs 
(typlcally 25 mg) with a volatde mobile phase (contammg ammomum bicarbonate) 
that allows the raprd lsolatlon of the punfied peptlde by l>ophlhsation 

EXPERIMENTAL 

Apparatus 
A Waters Assoc (IMdford, IMA, I.J S A ) HPLC -sadlent system was used for 

the separations (see Refs 1 and 2 for details) Sample mJectxons were made usmg a 
MIcrolIter SO2 syrmge or a lo-ml Gastlght 1010 W syringe (Hamdton, Reno, NV, 
U S A_) The Radial-Pak CN and C,, cartndges (8 mm I D ) were also purchased 
from Waters Assoc. For optImaI column hfe the column was protected \vlzh a guard 
column and an m-hne pretiher (Waters Assoc.) 

UV spectra were determmed ustng a Shtmadzu MPS-5000 tnstrument 

Chenucals and separatron corrdmom 
The solvents and chemicals used m thus study are Identical to those described 

m a previous paper5 The peptlde solutions were prepared as described previously’, 
except that all solutions contamed 6 .%f urea or 3 M guamdme-HCI to prevent sample 
aggregation. 

The ammomum bicarbonate buffer (0 1 I’n, pH 7.7) was prepared freshly each 
day, and was used as the mmal solvent (A) m the gradlent separations The second 
solvent (B) consisted of isopropanol-acetomtrile-solvent A (30-30 44) (F1g.s 1 and 2) 
or isopropanoholvent A (SO 20) (Fig. 3). A linear gradlent from 0 to 100°A B over 
60 min was used throughout this study. The separation was achieved at ambient 

OOX-9673/S2iooocMooo/sO2_75 Q 1982 Elscmer Screntic Pubhshmg Company 
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temperatures and a flow-rate of 1 ml/min was used. The eluted peptides were de- 
tected by UV absorbance (generaliy at 280 mu)_ 

RESULTS 

Fig. 1. shows the purification of 60 pg of the synthetic pcptide Leu-Glu-Ser- 
Phe-Ly~V_‘-§er-Trp-LeuSer-Ala-Leu-Glu-GIu-Tyr-Thr-Lys-Ala (I) usmg the 
chromatographic system described m the Experimental Section Although tins peptide 
had been previo-usly punfied by Ionexchange chromatography, the sample still con- 
tained two deIetion peptides which were readily removed by I-IPLC_ The large 0-D. 
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Fig_ X. T6e puriication oft% pg oftbe synthetiic peptide Leu-GTu-Ser-Phe-Lys-VaESer-TrpLeuSer- 
Ah-Leu-Gl&tt-Tyr-n:Lys-ti on a RadiaI-Pak CN co umn 1 was achih& witi a Enear gradlent 
from 0.1 M ammonium bicarbonate to isopropano?-aoztomt 1 M ammonmm bxahonate (3.3-4) at 
rfzi#wEk&~ _- 
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peak at the start of the gradient was due to guamdme-HCl whch was added to the 
sample to prevent aggregahon 

Fig. 2A shows the punfication of 350 ,ug of the synthetic peptlde Leu-Glu-Ser- 
Phe-Leu-Ly~Ser-Trp-LeuSer-Ala-Leu-Glu-G~-Ala-Leu-Lys-Ala usmg the 
conditions described m Frg 1. Prror to the HPLC separation, this peptlde had been 
partially pun&d by gel filtration and lon-cxchange chromatography 1 he sample was 
loaded m 5 ml of 6 M urea as three approxunately equal volumes through the U6K 
sample inJector. The large Peak was collected (see bar m Fig 2A) and re-chromato- 
graphed as shown m Fig, 2B. More rechromatography the trapped Peak (2 ml) was 
dduted to 6 ml with 0.1 M ammomum bicarbonate and loaded as three approulmately 
equal volumes usmg Identical conditions as those m Fig 2A 
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FI$ 2. The punficatron of 350 ,ug of the peptxde Leu-Glu-Ser-Phe-Leu-Ly&-TrpLeuSer-Ala-Leu- 
Glu-Gln-Ala-Leu-Lys-Ala was accomphshcd usmg the condltxons descnhed m the iegend m Rg 1_ The 
sample was loaded m three qecuons from a solution m 5 ml of 6 M urea Part A shows the elutlon profile 
for the crude pephde mixture_ The area defined by the sohd bar wzs pooled (2 ml), dduted to 6 ml with 
O-1 U ammomum bvarbonat+. and re-chromatographed using the same condmons as m Part 4 
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F:g_ 3A shows the separation of another synthetic pepude ValSer-Ser-Leu- 
Leu-Ser-Ser-Leu-Lys-GIu-Tyr-Trp(CHO)-Ser-Ser-Leu-Lys-Glu~er-Phe-Ser 
(2 5 mg) on the Radial-Pak C,s column The separation was achieved w&h a hnear 
gradient of 0.1 M ammonium blczrbonate to 0 1 &f ammomum bicarbonat&so- 
propanol(l_4)_ The separation shown in FIN_ 3B was acheved under ldentlcal con- 
dltlons as part A, except that the sample loading was only 0.37 mg and 0.1 M am- 
monium formate (pH 7.5) replaced the 0 1 M ammomum bzarbonate in both solvent 
AandB. 



NOTES 

Fig_ 3 The punfiutron of 35 mg of the pephde VaI-Ser-Ser-Leu-Leu-Ser-Ser-Leu-Lys-Glu-Tyr- 
Txp(CHO)-Ser-Ser-Leu-L_ys-GluSer-Phe-Ser on a Radml-Pak C,, column was achxeved m part A wth a 
imear _wdrcnt from 0 1 M ammomum bxarbonate to sopropanol-0 1 M ammomum bxarbonate (4 1) 
The absorbance was momtored at 300 nm WI&I 2 0 a u f s Run B was achieved usmg ldentxal condmons 
except that ammonium formate was used mstead of ammomum bxarbonate In ths analyns the absorbance 
was. momtored at 230 nm wth 0 t au f_s_ and 0 370 mg of peptlde was loaded A guard column tilled wth 
Poraszf B C,, was used m both chromatograms 

We& and others6 have reported the use of ammoruum bicarbonate as a suitable 
mobile phase for the Radial-Pak C,, flexible-walled coh.mms. The hgh apparent pH 
of this moblIe phase (7-7-S) precludes its use wth slllconaceous supports packed in 
inflexible columns, due to the generation of column voids caused by dlssolutlon of the 
silica. The radial compression used with the flexible-walled columns circumvents this 
problem as any voids that may be generated are removed under compression. Pro- 
vided the column is washed with water and then lsopropanol each evenmg, we have 
found that an extended hfe-time of at least 6 months can be achieved with Radial-Pak 
C18 or CN cohunns and the moblie phases used m this study As a further precaution 
we have recently introduced the use of a guard column filed with Porasll B C,, 
packing matenal. The elution profiles shown in Fig. 3 were achieved wth the guard 
cohmm in iine wtth the prefiIter_ We have shown7 that the guard column does not 
degrade the separation, but does allow for a sign&ant increase in column lifetime 
due both to removal of contaminants from the sample and mobile phase and to 
dissolution of slhca m the guard column (thus partially presaturating the mobde 
phase with s&a)_ 

The use of ammomum bicarbonate, with its excellent volatihty, allows the 
semi-preparative separation of synthetic peptides as the separated material can be 
simpIy isolated by freeze&ying_ The organic solvent can be also removed at this 
stage, provided the sample is dih~ed with water to allow freezing of the sample 
Alternatively the organic solvent can be removed by reduced pressure evaporation 
before the freeze-drying step. The petiuoroalkanoic acids, which also have excellent 
volatility and can be used in peptide separations*, are not suItable for use with the 
RadiaLPak C,, or CN colmnns due to the hited stab&igs of these packing ma- 
terials at low pH vahesg. Amine salts, which can be adJusted to suitable pH values, 
are not sufficiently volatiIe to allow faclie preparative separations’*. 
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The only significant problem with ammomum bicarbonate buffers is the POSSI- 
bdity of bubble formatlon with the use of either high concentrations of ammomum 
btcarbonate (OS M) or orgamc solvent (above 80%) Therefore, this mobile phase 
may not be smtable for the chromatography of extremely basic peptldes which re- 
qmre high salt concentratmns to suppress alanoptihc mteractlons We are presently 
mvestlgatmgll suitable volatde buffers for use m this circumstance 

Figs. 1-3 show that a range of synthetic peptzdes can be separated with high 
efficiency by the ammomum bicarbonate system The eluted peptldes were ldentlfied 
by ammo acid anaIysls of an acid hydrolysate (see Table I for a representative ex- 
ample) Also It should be noted that an mcrease m sample load (0 06 to 0 35 to 2 5 mg 
m Fogs. 1-3, respectively) was achieved urlth no loss of separation efficiency. Current 
studres with this system show that sample loads as high as 25 mg can be used without 
slgnlfkant loss of separatzon efficiency This result, when combmed wth the excellent 
volatdlty of the moblie phase, demonstrates the sultablhty of this system for the semi- 
preparative separation of syntheuc peptides 

TABLE I 

REPRESEPUTATIVE RECOVERIES AND AMINO ACID COIMPOSITIONAL DATA* OBTAINED 
IV THE SEPARATION OF THE SYNTHETIC PEPTIDES 

Ammo nerd Erpecled Obranzed 

se* 3 30 
Glu + Gln 3 31 
Ala 3 29 
Leu 5 50 
Phe 1 10 

LF 2 20 

-frp- 1 10 

Recoveq 87 =/o- 

* Expressed as number of residues per molecule 
*t Corrected for destrution of senne durmg aad hydrol>= 

- Obtamed by UV spectra determmatlon (/_ = 280 nm, zz8,, = 5200 I mol-’ cm-‘) 

One final feature that IS crucial for preparative separations 1s the ability to 
a&eve h@ recovenes of the punkd material- Recovenes were determined either by 
ammo acid analysts or UV spectra determination (usmg the characterlstlc tryptophan 
absorption) In all cases the recocery of the punfied matenal was m excess of 85 % 
and a typlcal example 1s shown in Table I. 

Much of the selectivity that 1s achieved m reversed-phase HPLC of peptides 
has been attnbuted to ion-palring I2 and sdanophlllc mteractions5. As is shown by a 
comparison of the elution profiles shown m Fig. 3A and B ammonium bicarbonate 
allows excellent peak shapes which may, m some cases, be supenor to those obtamed 
with other buffers In Fig 3B, although the sample Ioadmg was sigmficantly lower 
than in part A (0 37 bs 2 5 mg), the use of ammonium formate gave broader peak 
shapes and lower recovenes than did the use of ammonium bicarbonate (see part A) 
The success of ammonium bicarbonate as a mobile phase additive can be related to 



I98 NOTES 

the presence of ammonium ions which wttl suppress unwanted silanol-solute mterac- 
tions, whrIe bicarbonate may have similar ion-pair effects to that of phosphate*_ 

In conclusion this report demonstrates that ammomum bicarbonate solutions 
when combined with suitable orgamc modifiers allows the facile semi-preparative 
HPLC separation of synthetic peptides_ Thii system gtves excellent peak shapes m a 
separation, as welI as yielding pm&d peptides wtth excellent recoveries after a simp!e 
freeze&ymg step. 
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Currently, monosaccharides and ohgosacchandes are satrsfactonly separated 
by paper, ion-exchange, thm-layer and gel Ntratton chromatography, however the 
methods are t~e-consummg Hugh-performance hqurd chromatography (HPLC) 
using a column of porous mrcropartrcles denvatrzed wrth ammo groups allows a 
rapid separation of sugars I5 Since 1980, the HPLC on bonded pnmary amme pack- 
ings of sugars denved from glycoprotem glycans have been descnhed fractronatton 
of ohgosaccharides and glycopeptrdes excreted m the urme of patients wrth lyso- 
somial disease@; separations of ohgosacchandes obtained by drgestton wtth endo- 
glycosrdase H’ or released by &ehmmatron of 0-glycosyiprotem* g, ohgosacchandes 
denved from dohchol-linked ohgosacchande mtermedtates’” Finally, clear separa- 
tions of staloglycopeptrdes or ohgosacchandes have been obtamed m less than 1 h by 
HPLC on a Micropak AX-10 ron-exchange column” 

The present report shows that bonded pnmary amme packings are effecttve m 
the raprd separation of the mixture of neutral glycans hberated by hydrazmolysts of a 
hen ovomucord neutral glycopeptrde 

MATERIALS AND METHODS 

Cl” coprotems, gl’copeptldes and ohgosaccharIdes 

Ovomucotd was prepared accordmg to Fredencq and Deutschl’ The aaalo- 
glycopeptrdefl was Isolated after pronase hydrolysis of ovomucoid accordmg to ~Mon- 
srgny et a1.13. Oligosacchandes were released from astaloglycopeptrde j? by hydrazr- 
nolysts as prevtously descnbed’4 The resultmg ohgosaccharides were N-reacetylated 
accordmg to Readmg et al I5 and reduced wtth NaBH, 

Liqmd chromatography on pnmary amne bonded s&a 

Analysis were can-ted out with a Spectra Physics Model 700 hquxd chromato- 
graph, equipped wrth an UV 8400 vanable wavelength detector connected to a 4100 
compuhng Ir&gratOr. 

HPLC was performed on a 5-w Ammo AS-SA column (0.4 x 25 cm, Chro- 
matem 33; Touzart et Mat&on). A I-mg amount of oligosaccharides drssolved m 10 

0021-9673/82~0W0-0WWS02.~5 Q 1982 EIsewer Screnbfic Pubhshmg Company 



200 NOTES 

pL1 of lstrlled water was injected mto the column; for preparative chromatography, 
3.5 mg of oligosacchandes dissolved in 20 4 of acetonitriie-water (50-50) were in- 
jected_ The column was eqmhbrated with the mitial soivent (acetontnle-water, 
6.5:35)_ After the injection, a linear gradient to acetomtnIe-water (6OAO) was applied 
for 30 min followed by isocratic cond&ons during 30 min and then a linear gradlent 
to acetonitnle-water (50.50) for 30 min. The now-rate was 1 mlfmin. The oligosac- 
charides were detected at 200 nm under-tie following conditions- sensitivity of detec- 

&?L I- ~ys= (A) of ohgosacchandes 1,7, !I and I4 obtained by sum-prepazhx chromatography (B) 
ofohghdcs from the h~drapnoljrus of hen ovomucotd neutral glycopcptide/3on 5-p Amino As 

5% ~chromatern 33. Towart ct Mabgnon) For chromatograpiuc condition% see MatenaI and Methods. 
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tor, 0.35; integrator attenuation, 4, for analytical chromatography; sensltlvlty of 
detector, 0 32, integrator attenuatxon, 50, for semi-preparative chromato_gaphy. 

Molar conrposillon of ohgosaccharrdes 
The molar composrtron of ohgosacchandes was determmed by gas-hqurd 

chromatography (GLC) of trtfluoroacetylated methylglycosrdes accordmg to Zanetta 
et aL16. 

Thm-iajer chromatography (TLC) of ohgosacchartdes 

TLC of oligosacchandes was performed on sthca gel plates (pre-coated sthca 
gel 60, Merck) using ethanol-n-butanol-pyridine-acetic actd-water (100.10 10.3 30 
v/v/v/v/v)” dunng 7 h. Oligosacchandes were revealed with an orcmol-sulphunc 
acrd reagent’* 

RESULTS AND DISCLJSSION 

The separatron of a mrvture of reduced ohgosacchandes obtamed by hydrazt- 
nolysts from hen ovomucotd IS shown m Frg I The effecttve separation of seventeen 
fractrons was obtamed wtthm 90 mm on an Ammo AS-SA column (Frg. 1B) and 
semt-preparatrve chromatography on the same column allows one to obtain pure 
fractions 1, 7, ! 1 and 14 (Fig. IA) The results of the semi-preparative cbromatogra- 
phy of 4.2 mg of ovomucotd-denved ohgosacchandes are gtven m Table I. 

TABLE 1 

WEIGHTS OF FRACTIONS OBTAINED BY SEMI-PREPARATIVE CHROMATOGRAPHY OF 
4 2 mg OF OLIGOSACCHARIDES LIBERATED BY HYDRAZINOLYSIS FROM OVOMUCOID 
NEUTRAL GLYCOPEPTIDE /3 

Fracrron number Werghr (,ug) 

F-O 312 4 
F-I 4s 
F-2 363 
F-3 95 7 
F-4 1694 
F-S 73 7 
F-6 265 
F-7 5104 
F-8 1463 
F-9 283 8 
F-IO 4ca4 
F-11 6446 
F-12 186 
F-13 242 
F-14 284 
F-15 484 
F-16 36 3 
F-17 83 7 

Recovered 3862 
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The use of a 0 4 x 25 cm column filled with srlica gel modtied by organic 
amines provides quantitative recovery (92 “4) of the ohgosacchzridcs wrthout loss of 
resolution_ Each fraction was analysed by TLC (Fig. 2) and the carbohydrate com- 
position was deter-mu& by GLC (Table II). Four fractions (1, 7, 11 and 14) are 
homogeneous on the basis of HPLC and TLC and of the monosaccharide molar 
composition_ The latter is characterized by the absence of the presence in low 
amounts of galactose and by the relatrve high content of N-acetylglucosamme. Of 
interest is the ratio (N-acetylglucosamine + N-acetylglucosanumtol)/mannose, I e , 

(GlcNAc + GlcNAc-ol)/Man, the value of which is related to the number of N- 
acetylglucosamine branches on the mannose residues_ The linuting values are 1.35 
and 2.7 in the case of classical biantennary structures such as human serum transfer- 
Tin” ,md of pentaantennary structures such as turtle-dove ovomucoid”, respectively. 

CONCLUSIONS 

HPLC on bonded primary amine packings gives excellent fractionahon cf a 

Fig- 2. TLC on sbca gel plates (Merck) of seventeen frations obtamed by seou-preparabve chromatogra- 
phy of obgosacchanda from the hydtazmoIyss of hen or omucotd neutral glycopephde Solvent: ethanoi- 
n-butaool-pyndm-cetlc acid-war- (100 IO_10330 \j\jvjvjv) Development time- 7 b Ohgosaccha- 
nda rexaXed aitb orcinokulphtuic aad reagent 
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TABLE Ii 

CARBOHYDRATE COMPOSITION OF FRACTIONS OBTAINED BY SEMI-PREPARATIVE 
CHROIMATOGRAPHY OF OLIGOSACCHARIDES LIBERATED BY HYDRAZINOLYSIS OF 
HEN OVOiMUCOID NEUTRAL GLYCOPEPTIDES B 

Fracttons Molar rano* GIcNAc i- GkNAc-ol 

Gal Man GkNAc GlcN 4c-of 
Man 

1 0 3 13 094 0 74 
2 0 3 2 94 081 I 25 
3 0 3 34 0 50 13 

4 0 3 3 63 0 66 143 
5 0 3 34 02 12 
6 0 3 39 060 1.5 
7 0 3 464 094 I 86 
8 041 3 502 061 1 87 
9 044 3 5 38 065 2 01 

10 059 3 463 064 1 75 
II 019 3 65 101 2x5 
12 072 3 z 570 0 57 2-09 
13 103 3 599 0 30 209 
14 107 3 68 I 07 2 62 
15 152 3 69 071 2 53 
16 15 3 6 11 0 57 2 26 
17 185 3 68 0 84 2 54 

Natae 
glyo- 
peptidep 06 3 6 2 

* The M~IO of mannose (Mm) was taken JS 3 Gal = Galactose. GlcNAc = Y-acet&lucosamme. 
GlcNAc-01 = i*c-acetylglucos~mltol 

new class of glycans constltutm g a complex mixture of about twenty reduced neutral 
ohgosacchandes liberated by hydrazmolysis from hen ovomucold- These glycans 
are m general N-acetylglucosamme-nch and highly branched Our results Illustrate 
agam the usefulness of HPLC as a powerful tool to investigate the various com- 
pounds encountered m the fieId of glycoprotems- glycans of the “N-acetyl-lactosa- 
minx type”’ ‘I, of the “ohgomannosldlc type”‘, of the “mucm type”’ ’ and hpld 
mtermedlate-denved ohgosacchandeslo, dohchyl pyrophosphoryl ohgosacchandes” 
and peracetylated mono- and ohgosacchandes” 

The results obtained demonstrate the htgh mlcroheterogenelty of hen ovomu- 
cold, whxh was not revealed by our first mvestlgatlonsz3 The pnmary structure of the 
numerous giycans Isolated IS now under mvestlgatzon m order to understand the 
s~gmficance of their amazmg mlcroheterogenelty better and define the charactenstlcs 
of the new class of glycans 
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CHROh-f 15.2CN 

Note 

Nachweis von LSD in Korperfhissigkeiten mit Hochleistungsflussig- 
keitschromatographie 

K HARZER 

Chemlrc hes CmrersucJumgsamr der LandesJmupmadr Srurrgurr Sroflmbergsrrasse SI _ 7009 Smrrgarz I 

(BRD) 

(Emgegangen zun 13 Juh 1982) 

Labors, die such mtt dem Nachwers von Suchtmttteln befassen, smd muner 
wteder damn konfronttert, eme Emnahme von LSD nachwersen zu mussen Dte 
Schwtengkett dteses Nachwetses hegt darm, dass aufgrund der germgen Dosterung 
von LSD nur mednge Sptegel tm Blut. Serum oder Unn entstehen Es konnen des- 
halb nur empfindhche Nachwetsmethoden verwendet werden, wte z B Hochlets- 
tungsfliisstgkettschromatographte (HPLC) rmt Fhtoreszensdetektton’ ’ oder Radto- 
Immunoassay’ 3 

Dte vorhegende Arbcit beschretbt den Nachwets von LSD m Korpertlusstgket- 
ten nnt HPLC und Fluoreszensdetektton. Urn die be1 forensrschen FZlen notwen- 
dtge Sicherheit der Befunde zu erhalten, wurde dte Abstcherung durchgefuhrt mrt 
zwet verschetdenen Laufmnteln und mtt Saulenschaltung 

EXPERIMEWTELLES 

Get-at Hewlett-Packard Hochlerstungsfhrsstgheitschromatograph 1084 B mu 
automattschem Probengeber HP 79842 A und Spektralfluonmeter SFM 23 der Fa 
Kontron. Anregung bet 325 nm Etmsston bet 430 nm. 

“Rerersed-Phase”-Chrornatopaphe, SiiuIe Merck Hrbar Ferttgstahlsaule EC 
250-4 nut C, Reversed-Phase Matenal LtChrosorb (7 pm), Fluss 1.5 ml/mm, Ofen- 
temperatur 6O”C, Laufmrttel A Methanol-Wasser mrt 3 g KH2P0,/l, emgestellt mrt 
H,PO, auf pH 3 (50.50), Laufmrttel B Methanol-Wasser mrt 1% (NH&CO3 (60:40) 

Saulenschaltung Laufmrttel A, Saule l- Cs Reversed-Phase wre beschneben, 
Saule 2- Merck Hrbar Ferttgstahlsaule EC 1254 mrt Kreselgel Merck LtChrosorb St 
60 (5 m), Zertprogramm- Zunachst Saule 1, nach 3 2 mm Umschaltung auf Saule 2. 

Probenmatertal 
Es handelte sich urn Blut und Unn von Personen, bet denen der Verdacht be- 

stand, dass LSD emgenomrnen worden war. Werm es moghch war, wurde aus dem 
Blut Serum gewonnen, ansonsten wurde das Blut drrekt emgesetzt 

Blut, Serum oder Unn (L-3 ml) wurden mit Boratpuffer pH 9 5 (5 g 
Na,B,O, - 10 H,O auf 1 1) auf 20 ml aufgefiillt und auf eme Extrdktronssanle Ex- 

0021-9673_J82/OOMUUMO/SO~75 a 1982 JZIsewer !kentic Pubhhmg Company 
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Fig I_ Chrcmatogramme von (A) Serum m!t Zusatz von 2 t&ml LSD (I), (B) posmve Serumprobe tmt 
I 4 nglmi LSD (I), und (C) ncgatn~ Scrumpr~k SiXuIe. C, Reversed-Phase; Laufmntel, B 

Fi& I Chromatogramme van Serumproben wie m Fig 1 S?iuIe, C, Reversed-Phase; Laufimttel A 1 = 
LSD_ C vorget&schtes LSD (Pfd)_ 

trehtt@ gegeben4. Die S&de wurde mit Dichlormethan-Isopropanol (85-15) eluiert, 
die organische Phase eingedampft und der Rtickstand mit 200 $ lMethano1 aufge- 
nommen, Von dieser Liisung wurden 10 fi eingespritzt. 

Dre quantttatrven Bestimmungen im Blut oder Serum wurde tiber exteme Stan- 
dardisrerung durchgefihrt. Hterfiir wurde eine Erchlosung von 2 ng pro ml LSD m 
Rinderblut oder Rinderserum hergestellt, dte Jeweils analog aufgearbertet wurde. 

Die Erfassungsgrenze fir LSD betrug CQ. 0 5 ng/ml_ Dre Wiederfindungsrate 
war 60-70 %, die Standardabweichung 6.5% (n = 5) Die Bestimmung war von OS- 
20 n&m linear_ 

A 6 C 

0 0 

5 

0246 0 2 -4 6 0 2 4 6 

W min 

Fig. 3 Chromatogramme von Scnukprobcn WYC m Fig. 1. S&k, C, Rcvekd-Phase, nach 3 2 min KieseI- 
_&.%%&e(S==~~~La~tteLkI=LSa* - z 
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0 2 4 6 

- n-l,” 

Fig 4 Chromsto_eramm emer Lkmprobe C, Reversed-Phase, Laufmlttel 

Fig_ 1 zelgt eme positive und negatlbe Serumprobe mlt dem alkalischen Lauf- 
mlttel B; Fig. 2 dieselben Proben mit dem sauren Laufmlttel A und Fig 3 dleselhen 
Proben nach Saulenschaltuq FIN_ 4 zel$ euxe posltxve Urmprobe m.t Laufmlttel A_ 

Die Splegelwerte von Serumproben, dre w1r gefunden haben. smd m Tabelle I 
angegeben. 

TABELLE I 

LSD-SPIEGEL (r&ml) 

Fall 

A J3 C D E F G 

Serum 52 I6 IS1 14 16 7 
Unn 5 us 

DISKIJSSION 

Nach Emnahme von 160 pg LSD werden ndch ca. 1 h Serum-Spiegel von 2-S 
ng/ml errexht’ Die von uns gefundenen Werte hegen mlt emer Ausnahme m dlesem 
Berelch, wobe~ n&here Emzelhelten zu der Vorgeschlchte mcht bekannt waren. Auch 

Twitchet et al ’ finden Werte in dresem Berelch. 
Die Absicherung des Befundes vvlrd errelcht durch Verwendung emes sauren 

und emes alkahschen Laufmittels, sowe durch Verwendung zweier Sdulen unter- 
schxdhcher Polantiit, eme Reversed-Phase-Siule und emer KreselgelsZule, die hmter- 
emander geschaltet sind 

Wie Fig 2 zelgt, 1st eme derartlge Abncherung notwendlg, da manchmal ge- 
ringe Konzentrationen von LSD vorgetauscht werden konnen Es wurde deshalb 
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au& als Erfassungsgrenze 0 5 ng/ml festgelegt, obwohl der Detektor noch eine Ver- 
stZrkung urn den Faktor 10 zuliesse. 

Dxe Bestimmung ist ebenfalls im Urin miiglich; wle Fig. 4 zeigt. Wenn miighch 
nehen wir eke Bestimmung HXI Serum \or, da her wemger Stiirungen auftreten. 

Iso-LSD, Lysergs%xeami d_ Lyser_&ure und Ergotamm, die dasselbe FGo- 
reszenscerhalten haben sr6ren die Bestimmung nichr. 

DAUK 

Der Fa_ Sandoz (Niimberg, B_R.D_./Basel, Schwelz) danken wlr fiir di,-_ &xr- 
Imung \on Reinsubstanz- 
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