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; SUMMARY

- The czpl}larv gas chz:omatogrraphic (GC) analysxs of sxhcon(‘V) ammxmum—

- (III) gallium(IIT) and rhodmm(III) alkyl substituted porphynns, mainly as their tri- -

- methylsiloxy: denvatxves, is reported Retention indices on apolar stationary phascs _
" are .presented. and are discussed in terms of retention index increments .associatéd

~ with molecular differences between various porphyrins. The dependence of retention -

“volumes (‘mdlces) upon the oxidation state of (and hence axial ligation to) the central
metal is-illustrated. GC—mass spectrometric (MS}) .data indicate that the: silicon de-

" rivatives in particular are favourably suited to GC-MS analysis and the strong di-
“agnostic fons produced under efectton m:pact ionisation: shou[d prove mvaiuabie for
the analysis of complex mixtures.

. GC traces for the M(IIT} and fot some of the sihcon(IV) porphynn:. dre the ﬁrst
etampi&s to be seportec{ in the hterature. , : : .

'ENTRODUCTION . 5. : .

) - Gas chromatography (GC) of porphyrin compounds has had a relatively long,
but at the same time not particularly successful, infancy. The few reported litcrature
‘works on this subject characterise the problems encountered in developing routine
analytical approaches to application of GC methods to porphyrins. Almost. in-
variably, the preceding work was limited. to packed column: GC-using either glass
‘bead or diatomaceous earth supports with: low liquid phaseloadmgs. It was common’
practice to condzuon (termed ‘porphyrinise”} a column with & number of injections
~ of a concentrated silicon porphyrin standard prior to.use of the column’ mdlcatwe of
: undmb activity {and hence adsorpﬂon) ‘within the support matrix. - -
Boyian and Calvin® first proposed, and: -Hlustrated the adequate. volanhty of
sxhcon po:phynns for GC The.r data mdzcated that the bls‘rxmetthﬁoxy denvatlve,
LTl Pr&sent addr&s Depa.mnem oi‘ Chamstry Nat:onal Umvc"mty ot‘ Smgapo-e, Kent Rxdge, Sm-
zr-%"szszmoo-eﬁoozsoz?s © 1982 Ets;n‘ez s&@ﬁﬁc ?ubﬁsfn'ng cc'mpany '
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possessed the most favourable characteristics. The bisethoxy derivative was irrever-
sibly adsorbed. Alturki® and Boylan er @f* applied the technique to some sampies of
naturaily occurring petroporphyrins. The poorly resolved distributions which re-
sulied made analysis comp&»a*ad and offered only marginzl advantages over other
available techniques. Games ef al.* illustrated that good porphyrin peak shapes could
be attained on an OV-i coated Gas-Chrom @ solid suppert. They intimated that a

“biclogical” porphytin (mesoporphyrin-IX dimethyl ester) should be amenable to
G analysis after apprepriate derivatisation. Baker® attempted to-extend the UC
method to aluminivm porphyrias, though with limited success. )

Corwin and co-workers®® emploved hyper nressure methodolagies to chroma-
tograph a wide range of porphyrins. The peak shapes were not favourable (though
the difficultes asscciated with the technique were considerable). This procedure de-
creased the partition coeficient such that enhanced porphyrin solubility in the mobile
phase occurred, and thus permitted chromatographic migration of porphyrins at
reclucsd temperatures.

Alexander er al.® reinvestigated the porphyrin GC problem, employing the
recently developed technology of fused-silica capiliary columans, and using on-column
injection. They presenied promising results for 2 small number of silicon porphyrins,
which included asticporphyrin-i and octaethyviporphyrin, and also reported the suc-
cessful GC of the trimethyisiloxy AI(EIT) derivative of actioporphyrin-I. Later work,
using short capiliaries at high temperatures!® indicated that a range of traosition
metal(1l) porphyrins and oxometzI V) porphyrins could be chromatographed uander
normal conditions. The inzbility of the conventional packed column GC method used
by earlier workers to fractionate successfully complex mixtures has undoubtedly con-
tributed to the lack of persisteace of various groups in developing and extending
the technique to other metals and porphyrins. Therefore, it is oot surprising that
high-performance liquid chromatography now plays the major role in such porphyrin
analysest1-t3,

in an extensive secarch for pew metalloporphyrin derivatives which might
permit facile G analysis for porphyrins, we have had success in chromatographing
ceriain such compounds using capillary columns. We wish to present our preliminary
resuits on some M) and M({IV) aikylporphyrin standards and discuss these results
in terms of general chromatographic properties.

E)XPERIMENTAL

Reagenzs

Free-base porphyrin compounds used for preparations were obtained from
various sgurces. Octacthyiporphyria (OEP, 1) was bought from Porphyrin Products
(Logan. UT, U.S.A). Dr. I. G. Erdman kindly donated the actioporphyrin type
issmers -l and -III (astio-f and -EII, 2 and 3 respectively}. Octamethyiporphyrin
(OMP, 4) was provided by Professor P. 8. Clezy, and the Cy,; actioporphyrin was
isolated from a natural mixture by Mr. G. A. Wolff. Professor R. Grigg supplied the
actioporphinato-, thodivm(Iil), COCH,; and its rhodium{Iii} CH; analogue.

Proprietary chemicals used included hexachlorodisilane (Aldrich), triethylatu-
minium (Cambrian Chemicals}), tris-{2,4-pentanedionato)gallium(Iil} (Ventron),
bis(trimethylsityi)-triflucrozcetamide (BSTFA, Applied Science Labsl), and rferr.-
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Structures of scme free base porphyrins used in this study

Porphyrins Ayt substituents

I octastbylporphyrin, OEP I-8 = ethyl

2 aetioporphyrin-f; aetio-I I=3=5=T7T=methyl;2 =4 = 6 = § = ethyl
3 zetioporphyrin-III; aetio-IiL I=3=5=8=methyl;2 =4 =6 = 7 = ethyl
& octamethviporphyTin; OMP .- . 18= mcthyi, - T

butyldimethylchlorosilane (TBDMSCI, Huka}

A samplie of oil pipe sludge obtained from Bntlsh Petroleum, Exploration
Division, Sunbury-on-Thames, Great Britain, was extracted with hexane and cleaned
up on afumina to obtain a normal alkane standard of relatively high molecular weight
containing both even and odd carbor number hydrocarbons. This was used for
coinjection studies.

Preparations of metalloporphyrins

Silicorr. The method of Alturki' and Boylan ef al.* was modified to a simple
reflux method, with dry toluene solvent and dry nitrogen used to prevent moisture
reacting with héxachloradisilane. This enabled insertion of silicon inte a number of
porphyrins in yields approaching quantitative, indicated by the lack of electronic
absorptior bands of the free base starting material in the final product. After com-
pletion of the reaction, volatile components were removed under vacuum then the
remaining solids were refluxed iz either ethanol-1 M hydrochloric acid or methanol—
aqueous sodium hydroxide to hydrolyse the porphyrin to the dihydroxy species. This
was then extracted into organic solvent and purified on alumina thin-layer chromato-
graphy (TLC). Formation of silicon dioxide in: the hydrolysis step may be a drawback
since some porphyrin could be irreversibly trapped in the solid silicon dioxide matrix.

Galliunt. Porphinatogatlium(IIT} compounds are easily prepared by reaction of
the porphyrin with trisacetylacetonatogallium(IIl} in 2 medium of phenol as sol-
vent'3. Metal insertion occurs rapidly (within minutes) with the solution taking on
the characteristic rosy metalloporphyrin colour when the mixture was heated to
220°C. Metal insertion, hydrolysis and initial solvent partitioning of products was
carried out in situ. Prior to hvdrolysis, a2 phenoxy ligand is coordinated to the gailium,
in the axial position (indicated by mass spectral and X-ray crystal structure'* analy-
sis}. Hydrolyss to the hydroxy species was carried out by refluxing the mixture with
5 mi ethanol and I m! aqueous sodium hydroxide (I M). The product was extracted
into methylene chioride, the concentrated extract passed through an alumina columa,
and then TLC on alumina G with methylene chloride~methanol (10:1, v/v) gave the
required pure product. . . - _

Free-base porphyrin was not pres\,nt in the reaction mixture on the basis of the
visible spectrum recorded prior to hydrolysis, and only metalloporphyrin was ob-
tained on the TLC plate, thereby indicating virtually complete metallation.
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é?hrtmmm. Mhmmmm tﬁaﬁ;}{s i}ave %ea useé te gfepafe gorgﬁmate--
’ ﬁiﬁm‘:’iﬁ’i‘ﬁmﬁ‘i‘% compoundstStE_ 1. - el
" - ~: Porphyrin frée base (I mg) was dxsso{ved in IGmI fresEIy distilled dry tquene
ina mo-necked‘ round-boftom: flask previously flushed with dry nitrogen. An excess.
of aluminium iriethyl (ca-4-5 drops) was introduced into the reaction vessel using a
-syringe whilst continuously flushing the flask and transfer lines with dry argon, ensur-
ing dry and oxygen-free ¢onditions. Metallation was almést immediate, and the efec-
tronic spectruin indicated onfy metalloperphyrin in the mixture.

- - Hydrolysis of the product with ethanoi-water was aocompamed by formation.
“of alumina from excess aluminium triethyl. Solvent extraction, concentration, then
“TLC onalumina H (cluent: methylene chloride-methanol, 5:1, v/v} afforded the pure

metalloporphyrin as evidenced by its mass and visible spectra. -

Trialkylsilylation of axial !n«zimty ETOHDS

Trimethylsilylation may be effected by the conventional method of taking up
the dihydroxysilicon(IV) porphyrin in BSTFA-pyridine and leaving at 70°C over-
night, with evaporation to dryness and dissolution of the derivatised porphyrin in
hexane prior to injection. Alternatively, satisfactory silylation could be obtained by
adding neat BSTFA reagent to the dihydroxysilicon(IV) porphyrin directly.

tert -Butyldimethylsilylation was carried out by reaction of rfert.-butyidi-
methylchlorosilane and imidazole with the dihydroxysilicon(IV) porphyrin. The re-
sulting product porphyrin was isolated by TLC.

The porphyrin compounds used in this work are listed in Table I, along with
their assigned letter designations employed throughout the text and the figures.

Gas ckromatography

The gas chromatograph employed was a Carlo Erba FTV 4160 instrument
incorporating split/splitless and on-column injection. Flame ionisation detection and
hydrogen carrier gas were used. Capillary columns used included a flexible silica
column (0.30 mm [.D.} coated with OV-I (Phase Separations), a flexible silica column
(0.32 mm [.D.} coated with OV-t (Hewlett-Packard} and a glass column (0.34 mm
1.3} coated with CPSil 5 (Chrompack).

Temperature programming was used throughout, with an initial oven tempera-
ture of 60°C. QOn-column injection was the usual injection method, although splitfess
pracedures were also used. Average hydrogen carrier gas flow velocities were in the
region of 50-120 cm sec™?, and are indicated in figure legends as appropriate.

Cas chroamatography—mass spectrometry system

A Carlo Erba FTV 4160 gas chromatograph was interfaced with an AEI MS
3Q mass spectrometer. The gas chromatograph, with an access hole drilled through its
base, was supported above the source of the MS 30. An interface heater unit was
constructed and placed on top of the normal AEI giass reentrant, protruding 2.5 cm
into the oven of the gas chromatograph. The glass reentrant was held by a support
bracket in order to bear the interface heater without breakage of the fragile reentrant.
A Iength of efass-lmed stamI&es steel tubing (GLT 0.5 mm I.D., Scientific Glass
Engineering, Milton Keynes) was mounted (vacuum tight) on top of the reentrant,
passing through the interface heater and into the oven of the gas chromatograph. The
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flaxible silica capilfary colnmn was fed down the GLT directly Into the source, ter-
minating cq. 2-4 mm from the ion volume. The vacuum seal was made between the-
fexibie silica and GLT using a Swagelock coupling and graphite ferrules (both from
Sciemtific Glass' Eagineering]. Column changing entailed undoing the top seal be=
twesnt thHe column andé GLT. Interface temperatures were monitored with chro-
mel/ahimel thermocouples placed in five regions along the interface. Adequateiy uni-
forin temperatures ap to 350°C were found to be easily maintained. . Lo

The mass specirometer (& magnetic sector insirument) has limiting scan rates
for capillary column analyses. Normally, total scan times of 3-3.5 sec were employed,
scanning from 750 to 5¢ a.m. v For higher mass detection, further reduced acceier-
ator voltages, aflowing scanning from 900 a.m.u. were necessary. For direct insertion
probe analyses, slower scan times were used. Usual ionisation voltages were 33 eV
ancl 24 e¥.

The mass spectrometer was operated under computer control usrng a Finnigan
INCOS compzmmT tz system.- .

¥

J\\ - \_LL S

5o 156° 250 TEN®S (TF

— T

c [+ Zo TIME {min)

Fig- I. Capillary gas chromatogram of silicon({f¥) porphyrins using splitiess injection. Imector tcmpcm—

ture 260°C. Oven temperature: ambient at infaction then programmed from 50°C te 300°Cat I¢°Cmin ‘.
Coium_.;- 35m x 0.3 mm LD, Hewlstt-Packard QV-1 coated flexible siiica capiilary; Tca. 100 cm sec™
Peinks: C = (OTMS)SKzztic-I}; E = (OTMS)L.SHQEP); F = (OTBDMS})LS(OEF)L
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RESUL’IS ] -

.GC t:a.ces are ﬂlustrated in Figs- 1—6- AIIcane mlxtures Were routmeiy com}ect-,f'—
ed m.h the ge;ghvmzs to provide a comparison of peak shapes and afso io oﬁtam'

Kovats indices {or, morte corréctly, “pseudo” Kovats indices).

Fig. I iffustrates chromatography of three standard sziIccm porpﬁym ckenva—
tives. us.nsz splitiess injection. A reduced temperature {fash- vapounsatxon injection

- zone of 200°C was used, since higher temperatures resulted in apparent thermal

".decomposition of the chelate (possible via loss of axial trunethyisinI group(sji. -This
‘was with a ‘short (3.5 m) OV-1 flexible silica column.

Fig. 2 represents a chromatogram of some silicon parphytms under the more _
usual methodology; on-¢olumn injection at 60°C onto a longer (20 m in this example)
capillary column. Peak B (a Cs, aétioporphyrin} cocluted with normal alkane n-Cj3,

-and is baseline-resolved fram aetioporphyrin-I (C). The increased retention of ferf.-
butvldimethyisiloxy (OTBDMS) derivatives can be seen in Fig. 3. (OTBDMS),-
Si(OEP) (F) eluted with apparently excellent peak shape, comparable with those of
the alkane standards. The elution volume of (OTMS),Si-(aetio-IIT) (peak D in Fig. 2)
is pracﬁcaﬂy coincident with that of the aetxo-[ isomer (peak C in Fig. Z).

K

pvip W e om e

W rpme ey e ¢ |
\

- 295 . teme ¢y

—
]

Tmi(mnf’o

Fig. 2. Capﬂlary gas chmmatogram of sikcon{IV) porphyrins comjected with an aIkane mixture. Tem-

peratule programms: 60°C to 295°C at €°Cmin™ %, with 220 m x 6.34 mm ED. Chrompack CPSil §

mpﬁ!azy i ca: 43 cm sec™¥. Some alkane peaks are m.dfmted by numbers corresponding to their tgtat

mxmbas of carbons (i.e., C32 = n—C_.,z. atc). Peaks B= (()'I'EM{S);S;{C_51 aetio); C = (OTMS)ZSI(aeuo—I), )
E= {Gmszzs;mm ..
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Fig. 3. Czpillary gas chromatogram of silicon(lV) porphyrins coinjscted with an alkane mixture. Column
ané coaditicns as for Fg. 3. Peaks: B = (OTMS),Si(aetio-til); F = (OTBDMS}.SI(GEP).

Figs. 4 and 3 are the first examples to be iiustrated in the Hterature of the GC
of M(II) porphyrins. The two traces were obtained on different columns {a Hewlett-
Packard OV-1 flexible silica and & Chrompack CPSit 5 glass column respectively),
and on the latter column (OTMS)A i(aetio-I) (H) almost cocluted with n-C, .. Aswith
the silicon derivatives, the aluminivm{I}) and gallium(IIl} porphyrins exhibited ex-
ce'llent peak shapes, indistinguishable from zikanes of similar elution volumes. Anoth-
er M{IIT) porphyrin, (COCH)RE(IIF) (actio-I} (L), produced the result iltustrated in
Fig. 6 on 2 short capillary. ks elution volume was considerably larger than thase of
GafIil) and AI(II) and this will be discussed later. The chromatographic peak for
RI(IiT} shows the ovarloading phenomencn associated with compounds of Iow sol-
ubility in the stationary phase.

GC-MS results for some selected porphyrin derivatives are presented in Figs.
7-9. The data are presented in terms of reconstructed ion currents (RIC} (or ion
chromatograms) for the total icn current and as mass t.bromatograms whe e spectﬁc
GIISSES OF SRSy raages were seivcred. :

Fig. 7 ifllustrates that the excelient cnro*natograph:; obtained for the OYBDMS
derivative in Fig. 3 was reproducad in the GC-MS experiment, and plots of diag-
nostic ions 8§22 (M), 765 {for M — 57} and 691 (for M —_ 131) corresponding to
mclecular ion, loss of rerz.-butyl group and OTBD\«{Q ligand respectively all show the
same profiles as expected. The mixture from Fig. 2 was injected onto the GC-MS
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9
s

250 - 325 TEMP (O

3¢ 40 o S0 TEME (mic)
Fig 4. Capillary gas cmomatogam of (OTMS)AII) (astio-I} (F{} and normal alkane standards as in-
dicated. Column: § m x ¢.3 mm LD. Hewfett-Packard OV-1 coated flexible smca, Zca. 50 cm sec”E.
Temperature programme: S0°C to 325°C ar 6°C min~%.

c4o

50 3{0 ST "‘:‘i'faxpc'&ix

.. 4D - . - 50 ) TH{E(mm} .
F‘g, S- Capl!lar} gas chmmatogram of ga.[an(HI) porphyrins and normal alkane sta.nc—a:ds_ Column as
in Fig. 2. Temperamrc programme: 50°C to 310°C-at 6°C min~'; 7 ca. EOO cu sec”t. Peaks: I=
(OTMS)Ga(aeuo-I). = (OTMS)Ga(OEP).
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Fir 6. Gas chromatogram of some rhodiem(ElE) porphyrins. Colwmn as in Fig. 1, with on-cotumn injec-
tion. Temperature programme: §0°C at injection with bailistic heating to 246°C {iz ca. I min.) followed by
programming 0 380°C 21 6°C min ™t Peaks: L = (COCH;)Ri({IXaedo-I}; M = (CH,)RhiIIIKzetio-F)
(3t confirmad).

cclumn, with added (OTMS),Si{actio-E), to produce Fig. 8. The C;, and C;, por-
phyrins were still bassline resolved. The lower (RIC) trace contains z-zlkanes as
marked, and averaging all the ions in the mass range nt/z 556750, which includes the
major silicon porphyrin ions, producss the upper trace, thus “pulling out™ the por-
phyrins from the hydrocarbons.

Trimethylsiloxyaluminium astio-I was also chromatographed with the alkane
standard, and the partial mass chromatogram, from scans 500 to 804, averaged over
masses 308 to 606, is indicated in Fig. C.

A summary of retention index (f} daa calculated for ad the compounds re-
ferred to are reported in Table [. These were calculated by linear interpolzation betwean
two homologues of the coinjected alkane mixture whose elutions span that of the
porphyrin of interest. Linear interpolation is ap approximate method of index de-
terminadon under femperature programming conditions, where the logarithmic
method no longer applies’”. Values were rounded to the nearest 3 index uvaits. In-
ciuded in Table I are some retention index differences (47} for various pairs of com-
pounds, and aiso molecular weights of the metalloporphyrins. ' N

Table I presents separation numbers for some selected porphyrin pairs. The
zocurate determination of such values may be complicated by the narrowmess of peak
width when using normal chart speeds, however the values quoted are sufficient to
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Fig. 7. Reconstructed fon chromatogram (RIC} of (OTBDN{S) St (OEP) (F). Column and temperature
programme as in Fig. 2. Data acquisiion commenced at 65°C, and the isothermal temperature hold of
295°C is reached at scan number 665. Total scan time (800 to 50 aum.u.} was 3.25 sec.

631 C&D o :
8 - )

- .
= - - fE <. . m/z 550-750-
=
=
=
l J L

T TR =1 = T - - T T -
196G+
ws
>
=
<C
=
= 3%

az-
- 1 o [ ] T A R * 1 £ T .
600 . &80 SCAN 160

3230 ) 36:50 TIME &xie

‘_rxg. 8. RIC and summed mass chromatogram (from m/z 550 to 750) for GC-MS of some silicon por-
phyrins coinjected with the alkane mixture, displayed over scan range 606 to 760. Column and oondmons
as in- Fig 7. Peaks: B = (OTMS);S:(C_.,,. aetio)y € + D = (OTMS) Si(aetio-I/-I); E
(OTMS),Si(OEP}. Porphyrin mixture as in Fig- 2, with added astio-IIT compound which is not molved
from astio-I under these conditions.
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 m/z 500-600 - f
|
{
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4

INTENSITIES
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35
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™
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i

e R e e e T T T,
S 855 . 800 SCAN
2HS 3542 ¥ TIME

' REL/‘.\TWC

RS
e P
{""“‘m»

Fig. 3. RIC and summed mass chromatogram {from m/z 500 to 600}, displayed over scans 509 to 828. for
GC~-MS of (OTMS)AI (astio-I} (R} and coinjected alkzne mixture. Column and conditions as ia Fig. 7
Isotbermal 265°C reached at scan 625 with datz acquisition commenced at §FC.

provide an insight into various characteristics of the porphyrin peaks.
Mass spectrometric datza for some of the various porphyrins reported here are
tabulated in Table iIi.

TABLE i . B _ B} - -

REPRESENTATIVE CALCULATED RESOLUTIONS (SEPARATION NUMBERS) FOR SCME
PAIRS {AETIO-[;OEP) OF METALLOPORPHYRINS AS THEIR TMS DERIVATIVES

Meicl species Seraraton numier Column Nores

SKIV) 12 20 m CPSii S glass; Fig. i.Cand E.
Zeca. 129 cm sec™!

Ga{I:D) 7 20 m CPSil S glass; Fig. 5,5 and K.
Fee. 120 cm sec™t

AUID 5.6 5 m OV-1 fexible
siticz;
Fea. [00 e sec ™t E

N1} 3.5 € m QV-1 fiexible

silica;
gex. 83 cem sec™t
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. Retenllon mdzces of M(IIT} and M(I V} porgﬁwms

"Table I tabulates retention indices (- vaIu&s) calculated. for the compounds

&smsse& in this paper. They are reported for various capillary columns as indicated,
and thus relative retentions cannot be directly compared unless the same column ¥ was
used to’ collect the data (even on these reportedly non-polar columas,-retention in-
dices may vary markedly from one column to another). Some mtermstmg observa-
tions may be drawn from the data presented. .
i The index difference (4]) between aetio-I and OEP as theu‘ { OTMS)1SI deriva-
tives is 130 (i.e., equivalent to 1.3 carbons in a homologous n-alkane series). This is
for a carbon number difference of 4, with - CEP havmg extra methylene groups at
positicas 2,4, ¢ and 8.

This implies that for one single carbon added to the macrocycle in thlS manmaer,
an increment in retention index of about 32 units can be expected. The retention
difference between the C;; aetio and aetio-I compounds, which differ by one carbon,
is almost precisely this value, at 30 units. This does not, of course, differentiate
between the manner in which the homologues are related (f.e., a long chain sub-
stituent may tend to increase the retention increment per added carbon), however the
empirical result for the standards emploved seems consistent.

A comparison of I values for the two SiOEP compounds {GTMS and
OTBDMS derivatives) reveals a 47 of 375, which is for an additional six carbons in
the Jatter case (two derivatised hydroxy groups on the silicon). This is closer to the AF
value expected from comparison of OTMS and OTBDMS derivatives of hydroxy
groups, although it is still somewhat less than might be expected; the 47 increments
for OTBDMS over OTMS are reported to average about 240 units per-derivatised
functionality'® (therefore 48¢ for two hvdroxy groups).

Therefore, the axial ligand is affecting retention in a manner which can be
related to usually observed behaviour, however the substltuents on the pvrrole rings
influence retention much less than expected. Successive members of a homologous
series usually differ in retention by about 100 index units (fe., equivaient to one
carbon of an n-alkane series}, however the series which have received most wide-
spread attention in the literatiire, i.e., esters, isomeric alkyvibenzenes and aromatics,
simple hydrocarbons, etc. are not as complex as the porphvrins and so furtherdatz on
many more porphyrins must be coIIected before trends in these parameters can be
elucidated.

Retentzan of aetio-IJOEP pazrs of M{(IIf} and M(IV} parphyrins
From Table I, A7 values for actio-I and OEP pairs for AKII), Ga(lll) and
Si(IV} can be compared. The values are 120, 115 and 130 respectively. and the similar-
ities of these are well within experimental error. Values qucted for these pairs of
porphyrins as their M(II} derivatives were in the region of 125-140'%, with data for
Ni(II) given in Table L. It is dpparent, therefore, that the A7 of this pair of porphyrins
is relatively independent of the metal species used in the derivatisation process. This
serves to illustrate that thé central metal, whether M1}, \&(IH) or \/[(IV), exerts
minimal influences upon the porphyrin macrocyic. .
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-Eﬁ:af ox.tézﬁorz stafe :sz meia{fuparpf;yrm xaiam’zty = N e
. Relative retentions; given in Table I vary. d:amatxcaﬁy aecordmg to th'x dvgree -
- of a_nal ligation about the metal and also the types of ligand (for most of this discus- )
* siorr the figand: Wil be the OTMS: group; uniess otherwise indicated). Structures a, b
and c-are schematicline drawings of M(ID); M(Iﬂ) and M(IV)-type porphyrms with.
the: porpﬁym plane in bold, which represents gross structural vanatxons in the metaI- )
,Ioporphynns and possxbfe shielding properties of the axial ligand(s}. - G
- The addition-of each. OTMS preduces a concomitant increase in volatihty -
’ ;(decrease ift retention volume)-of the order-of 10. carbon numbers. Thus although -
‘(OTIviS} 2Si(agto-I} hasa molecular weight of 682; itelutes a full 2000 retention index
" units earlier than Ni(II){aetio-I) (molecular weight -534). Evidently, mass is rather
unimportant in. detérmining refative GC properties: (volatility] .of porphyrins, and
axial ligation therefore plays the major role. Porphyrins and their metal complexes
can exhibit intermolecular interactions (self-association)'%-2% and some have been re-
presented as dimeric structures?:22, Such a phenomenon wouldaffect the volatility of
the compounds, and associative behaviourin the Izqmd phase wouid be cxpected fo
decrease the rate of porphyrin desorption into the mobile carrier, thereby increasing
- the partition coefficient. Since the chromatographic experimént: is assumed fo occur
af infinite dilution, contribitions from intermolecular effects shouid be negligible. Of
more sngmﬁcance will be adsorptive interaction between individual solute molecules
and the column surfaces to which they are exposed, i.e., column walls andfor
stationary liquid. phase. It is possible alsc to invoke absorption differences of the
various types of porphyrins to account for the varving retention volumes,-i.e., under
this model the M(II) porphyrins would have to exhibit a much larger absorption
affinity to (ie., solubility in) the liquid phase; with M{III) not so soluble and M(IV)
the least soluble. This is not consistent with the usually-observed solubilities of these
compounds in common -organic solvents, where" the OT‘V{S denvatlves show in-
creased solubility over the M(II} porphyrins. -
~The fully shielded M(IV) porphyrins should not b~, s&b;ect te the adsorpmc
interactxon described above since large axial groups prevent close approach of the
molecule- to adsorptive sites. More bulky groups than OTMS, such as OTBDMS,
have ric added advantage in preventing interactions because the retention time of the
OTBDMS derivative is increased in parallel with its higher molecular weight.
For small axial ligands the shiclding effect may not be so efficient as that for the
tnaiky!sﬁoxy group. Dunng some preparatzons of qI(I‘\)") pomhyrms, mcorporatton
s‘.ruc.m‘e

- type _—

i N . o - -

—— —

L - _
Schax;an'c Ene diagrams (structure type) of the M(IT), M(IIT} and M(IV} porphyrins {a, b and c, respective-
Iy} used in this study. For ¢, X and Y are usually the same. The porphyrin: plane is represented by the beld
line. -
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of a flugrine axial ligand occurred, such that after hydrolysis a mixture of (OH),SiP,
(FHCH)SIP and (F),SiP (P = porphyrin) was obtained (confirmed by high-resolu~
tion. MS}. Low resolution direct probe analysis of the mixture after conversion of OH
te OTMS indicated thar the bistrimethyvisiloxy species sublimed before the mono-
flucramoncetrimethylsiioxy species. GC analysis of the product obtained with actic-1
indicated that (F}{OTMS)Si(zetio-I) (G) eluted considerably later- than the
{OTMS),Si(astio-I} analogue (C}, with a retention index for-the former of about
43Q00. Thus, with .regard to their chromatography, compounds_of the type
{F){OTMSISIP may be considered to be in a similar category to the (OCTMS)M(IID)
porphytins, suggesting that the moncfluoro ligand permits some interaction, as de-
scribed above, to eccur. This would presumably be through the face of the molecule
bearing the ffucrine ligand. Undoubtedly there is some potential for a Iocalised dipole
charge to exist across the Si—F -bond, and this might account for the differences
observed. .

This is zot the only example of suck behaviour of small axial substituents:
(COCH;)RR(EII) (actio-I) {L) kad a retention index resembling that of M(II} por-
phyrins, although the Rh(III) compound eluted with slightly smaller retention
volume (thus the -COCH; ligand might provide some measure of shielding, but not
sufiicient to fully shield one side of the porphyrin plane). Interestingly, (CH;)RE(EEH)
(astio-) (M) is of lower volatility than the ~-COCH; ligated compound; thelatter being
volatilised from a mass spectrometer insertion probe before the former. This agreed
with GC results where the former compound eluted about 3 carbon numbers (300
Kovats vnits) later than (COCH;)Rh(IiI) (actic-I} (Fig. 6).

The observed wvolatility (subiimation) for {({(CH;):Si0},CH;SiOl,Ge(IV} P
(where P = porphin) prompted Kane er al.>® to speculate that this compound might
be amenable to GC analysis, explaining that the volatility resulted from the glcbular
shape of the molecule. GC trials in our Iaboratory of (OTMS},Ge{EV) (astio-f) and
(CTBDMS),Ge(1V) (actio-I) have not yet proved successful.

For partially shielded M(II) porphyrins [Ga(lIIT) and A}, i.e., those rep-
resented by structure type b, there is still potential for adsorptive interaction through
the unshialded face of the molecule. Since these compounds eluted with retention
volumes midway between the Si(IV) and M(II) porphyrins, the axial OTMS ligand
must enhance their volatility over that for M(II) porphyrins, and the free-base por-
phyrins [which elute just prior 1o the M(II) compounds].

Adsorptive interactions, as invoked to explain the retention behaviour ob-
served for the range of metal porphyrius studied, have not been detatied in terms of
specific mechanisms of interaction. However phenomena usually ascribed to adscrp-
ticn in GC of metal chelates, such as peak asymmetiry>*, have not been identified for
any of the porphyrin compounds. Since most previous work in metal chelates kas
bezn packed-column GC, it may be that improved deactivation of the capitlary col-
umas employed here overcomes peak tailing. - -

Resoluzion of porphyrin standards of different metals
Separation numbers (Treanzahl, TZ) may be used in column characterisa-

tion>%-2¢ as an indicaticn of the separation power of a column. TZ may be calculated
by the equation
Atg

TZ = —X%
Wee + Wea
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where A, = retention difference between solutes 1 and 2, of peak widths at half peak.
-_hexght of- W’m11 .and Wy, respectively: Example TZ values for some porphyrins are.
presented in:Table II, whxch lists values for: the aetio-I and OEP components of
particular metals. It should be pointed -out that-direct comparison of. these-values
cannot be made since standard conditions have not mecessarily been- employed.
Whilst porphyrin peaks are generally of comparable widths to those of n-alkanes of
-similar retention volumes, and also the Kovats index differences for aetio-I and OEP
pairs-are similar for the different metals, it is apparent that silicon derivatisation
results in more favourable separation (by perhaps a factor of 2) of the two porphyrins
due tc the relatively narrower peak widths of the silicon compounds. This agrees with
the generalisation that TZ values decrease between members-of an homologous series
as the molecular weight (or retentlon volume or temperature of analysis) increases for
a temperature-programmed run®’. Grob*? indicates that generally. TZ is only in-
fluenced by the temperature of analysis for a particular column. The inverse pro-
portionality -of TZ with molecuiar weight is-not applicable for different types of
metalloporphyrin derivatives (e.g., different metals) because the metal types represent
completely different homoclogies. .

A major factor which governs the separation of compounds is column ef-
ficiency (ability to-produce narrow peaks) and it seems that if an apolar column
produces a higher TZ vaiue for alkanes, then the porphynns will likewise exhibit
better resolution.

Aetio-I and OEP are macrocycles of 32 and 36 carbons, respectively. Sepa.ra—
tion numbers for Si(IV), AIL(II} and Ga(lil} complexes of these are all sufficiently
large to permit resolution to baseline of homolcgues differing by one carbon (ie.,
Csa, Ciz. Cy ... Will alf be separable from one another). However, within certain of
these carbon numbers, structural isomers are possible and are encountered in por-
phyrin fractions isclated from geslogical materials'?. For a fully alkylated C;, por--
phyrin with one methy!l and one ethyl group on each pyrrole (C;; actio} there are four
possible structures (Z and 3 are just two of these). The steric differences between these
may not be particularly large, and hence on apolar columans resolution of such iso-
mers may not be possible [the aetio-I and -III were not resolved as theu: Si(IV})
derivatives]. Polar phase columns may effect isomer resolution.

Detection limits

Detection limits of silicon(IV) porphyrins as trimethyisiloxy derivatives, are
similar to those of normal aikanes. For example, the peak produced by ca. 1€ ng of
(OTMS),Si{aetio-I} was 52 %, full scale deflection at x 32 attenuation, whilst that for
ca. 4 ng of n-C;, alkane was 18.8% full scale deflection (ratic of peak hetghts =
[0:3.6). This was on a Chrompack CPSif 5§ glass column. However, experience with
some flexible silica columns (coated with apolar phases also} suggests that with these
columns, detectability of the porphyrins may not be so good as for the alkanes -—
possibly due to the inherent acidity of the silica surface causing some decomposition
of the porphyrin derivative as it traverses the column (the soft glass of the CPSil §
capillary is, by contrast, slightly basic)."

The rerr.-butyldimethylsiloxy derivative proved to be an excelient compound
to chromatograph. with good detection limits and adequate thermal stability under
splitless injection techniques. Significantly, this bulky, sterically-hindered derivative
could be chromatographed on almost any of the capiilary columns investigated —
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ever: when the trimethylsiloxy derivatives were irreversibly adsorbed (these con-
ditfons sometimes occurred af*er profonged use of a column, when active sites
become prevalent at the imjection end of the column —porphyrin adsorstion being
identified by the orange flucrescence observed in the first column coil when it was-
placed under a2 UV famp}).

* The detectability of aluminiom - pO‘ph\mns is simifar to that of the sxhcon
analogues; however, the gallium perphyrins appear to have a worse detection Imm
{by a factor of 10 or more}, although the reasons for this are not clear.

Gas chromeaicgrapiiy—inass spectrorieiry of perphyrins

The chromatographic elutions of 2t the complexes reported here have been
contirmed by GC-MS analysis. Limited GC-MS results for some silicon porphytins
haw: been reported prenoz.»k 42 WS data for (O”"\{S)AI(IIE)OE? has also been
tabulated!s,

Fig. 7 iliustrates the reconstructed ion chromatogram for GC-MS ef
(OTBDMS),SHIV}OEP(F), along with sclected mass chromatograms (fragmento-
grams} of major ions resulting from the electran impact ionisation of F, displayed
over the range of scans 689 to 780.

Fig. 8 shows GTMS derivatives of some aiky! porphyrins run under the same
condiiions as Fig. 7, with coinjection of the aikane mixture and displayed from scan
punzbers 6§00 to 760. It can be seen that the porphyrin peak widths are similarto those

{ the alkanes.

Relative intensity vaiues guoted are for an RIC value of 10¢ fo; the peak of
maimum total ion current in the RIC. For example, in Fig. 7, peak F has z relative
RIC of 120 for scan number 727. This corresponds to the summation of the individual
ion mtensities of all ions at this scan number. The plot of mijz 691, with z relative
intensity of 23.4, indicates that the ion of mass 691 carries 23.4% of the totzl ion
current of scan 727. These figures serve o tustrate the favourable MS moaitoring of
the silicon porphyrins, and the absence of any appreciable loss in sample resolution
attributable to the interface design.

The elution profile of (OTMS)Al(HI){(astic-I) (H), Fig. 9, tends to suggest that
some overloading of the column occurred, although the alkane peaks of comparable
ion intensity maintain good shapes. However, this compound also shows good be-
bkaviour under GC-MS znalysis.

Most of the MS information is contained in the molecular ion (M) orin the M
~ L ion, with one of these uvsualiy forming the basc peak. Some ion intensities are
listed in Table IIL. Other main fragmentation features are the benzylic cleavages of
alky! croups on-the pyrrole ring which zocount for the series of losses of §5, 30. 453,
etc. mass units observed in the spectra. Doubly-charged ions are z feature of por-
phyrin mass spectra®®. The only other notable ion is that at mfz 75, which arises from
frazmnentaticon of the trimethyisiloxy ligand. Piotting cut mass chromatograms of any
of the dizgnostic ions resulted in peak displays which matched very closely that
obtained from the summed mass chromatogram of significant fons.

The mass spectrometer scan times {ca. 3 sec for fulf scan cycle) were rather slow
when compared with compound elution times, and often only three or so scans
contained the reguired data on the compound, and hence relative ion intensities
obtained frome 2 GC-MS run may not necessarily match those obtained from a probe
analysis where compound sublimation into the source is over a greater Hme interval.
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CO\ICLUSIONS

Th,s paper bas reported the ﬁrst GC results obtamed fora number of metal—
loporphyrin -derivatives and discussed .some of their chromatographic.properties.
- Their rétention behaviour is consistent with the anticipated volatility changes result-
ing from changes in aikyl substitution of the macrocycle and, more markedly; chang~
es in the type of .axial trialkylsiloxy ligand. Different types of derivative may be
distinguished oan the basis of their retention volumes, i.e. those species in which the
porphyrin is unshielded, partly shielded or fully shiclded by bulky axial ligands, in

which the retention volumes decrease substantizlly with increised shielding. -
. The porphyrins appedr to be a-unique class of compound in their interest for
gas chromatographic studies. The tetrapyrrolic macrocycle permits the study of a
range of metal species in varicus oxidation states, since many metals can be com-
plexed, with charge balance, if necessary, provided by axial ligation. -

Volatile aluminium and gaHmm chelates have already been gas chromato-
graphed. These M(III) species are of type M(L);, where Lisa bzdentate, univalent
ligand such as those modelled on f-diketonates™

There are few reports of GC of silicon chelated into a molecular complex,
though many organosilicon and inorganic silicon compounds may be amenable to
GC. Incorporation of silicon inta compounds as a derivatising agent®® for functional-
ities such as hydroxy groups, as used in this work, is well known in GC.

Perhaps the most challenging area for application of GC to porphyrins will be
the development of GC and GC-MS techaiques for the rapid analysis of complex
natural mixtures of porphyrins*=. GC-MS would be a powerful addition to the high-
performance liquid chromatography techniques widely applied to such analysest 2.
In the geochemical field, porphyrins are being inv&sﬁgated for possible use as marker
compounds for geological maturation processes®!. Alkylporphyrin mixtures in
geological materials appear to be complex and to contam two major types, the aetio-,
and DPEP-types. The latter are related to deotophyﬁoervthroeuoporphynn and con-
tain an isocyclic ringZ. The aetio-I and OEP standards used herein are representative
of aetio-types (though OEP is not geologically significant), at feast as far as consider-
ation of GC analysis of a natural sample is concerned.

From the resofution obtained between the Cy, aetio, actio-I and OEP stan-
dards, it is apparent that porphyrins of different carbon number should be adequately
separated by capillary GC. Separation of positional (type) isomers was not achieved
in the current work, e.g. aetio-I and aetio-III (Fig. 8§, C and D). DPEP-type por-
phyrins are known to GC with slightly greater retention volumes than the equivalent
carbon number aetio—typ@s‘ Lack of suitable standards prevented confirmation of
this on capillary columns. It is expected that, as with the aeﬁo-tvpes DPEPs of
different carbon number should be easily resolved.

The strong fons (M ¥ for TMS species, M — 1317 for TBDMS species} ob-
tained with electron-impact MS in the GC-MS experiments will be of benefit in the
study of complex mixtures, allowing easy denvatlon of the molecular weight of com-
ponents. ’ : .
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