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-The c+%ary g3s chromatographic- {GQ anafysis of siIic0n(W),.~ahl.U&i&- 
(I& gallium(m). z&d rhodium(IKj aIkyI sub&&d porphyrinsi mainIy .as their tri- 
n&hyIsiIoxy~derivativ&, is repo&& Retention indices on ap&r sf&ionary.&.ses 
are --ted. and a& discuse&iz tern~~ of -&en&n index imzrements :asu&t&d 
.vitt noIecul& difFerenazs b&ken,vtiouS poehyrlns. The dependgce of r&&ion 
uoiumes(i~~~~~-u~n the oxidation~kate oftand hence axial Iig&ion.to) the cent& 
metal is- iHustrated_ .Gc~ass spe+ometric (MS) data: indkxte that thesilicon .de- 
~tivatives in .particular are favourabiy suited to GGMS analysis and the-strong diT 
agnostic ions produced under ektron- imp%& ioni+tion should, prove_inuaIuabIe for 
,the anafysisof campiex g.Gxtures --- ’ ; : ,‘, 

GC traces for the M(IQ and for sotie of&e sil&n(rV) pkp&&2re the East 
.e~ampIestabe.repoa~intheliterature.- :.- . . -. : 

_ . . 





A sample of oil pipe sludge obtained from British PetruIeum, Exploratfon 
Division, SuIzb=z.ry+n-Tbames. Great Britain, ;uas extracted v&6 he&e and cIeaned 
up on ahumina t& obtain a normal alkane standard of relatively high moiecular weight 
containing bo& even and odd carbon number hydiombons. This was used for 
coinjection studies. 

SSqm. Thtz method of AItu.rk? and,BoyIax et al.3 was modified to a sZmpEe 
reflux method, with dry to!uene solvent aud dry nitrogen used to prevent moistwe 
reacting wifh h&xacbIorodisila. This enabled insertion of silicon into a mm&r of 
porplqrizs in yields approaching quantitative, indicated by the lack of electronic 
absorptiorr bands of the free base starting-material in the final product. After com- 
pletion of the reaction, voIatZe components were removed under vacrrum then the 
remaining solids were reffuxed iz either ethanol-l rM hydrochloric acid or methanol- 
aque&s sodium hydroxide to bydroiyse the porphyti to the dihydroxy species. This 
was then extracted &o organic solvent and pm-&d OII alumina thin-layer cbromato- 
graphy (TLC). Formation of s&on dioxide in the hydrolysis step may be a drawback 
since some porphyrin could be irreversibly trapped in the soIid siticon dioxide matrix. 

GQKUTI. l?orpbinatog&ium(EI~ compounds are easily prepared by reaction of 
the poqhyrirz with trisacetytacetonatogaiIium(IH~ in a medium of phenol as sol- 
ver~t’~. Metal insertiorz occurs rapidly (within minutes) with the solrrtion taking on 
the characteristic rosy metalioporphyrin coIour when the mixture was heated to 
ZO”C. Metal inseriion, hydrolysis and initial solvent partitioning of products was 
carried out in siru_ Prior to hydrolysis, a phenoxy l&and is coordinated to the g&urn, 
in the axial position (indicated by mass spectral md X-ray crystal structure’” an&y- 
sis). Kydrofysis to the hyc+o&q spe&eswas carried~out by refl&tig the mixture with 
15 ml ethariol itnd I ml aqueous sodium hydroxide (I M); The product was extracted 
inta methylene chloride, the concentrated extract passed throrrgb an alumina c&mm, 
and then TLC on dumina G ~5th methyIene cbloride~methano~ (LO: 1) v/v) gave the 
required p&product. - 

Fr&base porphyrin was not present ti the reaction mixture on the basis of the 
uisibk spectnun recorded prior to hydrolysis, and only met&oporpbyrin was ob- 
tained on the TLC pIate, thereby indicating ViarraIly compIete metallation. 
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TrimethyIsiiyIation may be effected by the ckventional method of taking up 
the dihyd~oxysilicon( porph>tin in BSTFA-pyrSine atid kaving at 70°C over- 
nighk x&h evaporation td dryness and dissolution of the derivatised porphyrin in 
he.xane prior to injection. AItematively, satisfactory silylation could be obtained by 
adding neat BSTFA reagent to the dihydrozqGIicon(IL~ porphyrin dire&y. 

ferf.-3u~I~e~y~y~a~o~ was carried out by reaction of rert_-butyIdi- 
methy!chIorosilane and imidazoie with the dihydroxysiIicon( porphyrin. The re- 
sulting product porphyrin was isolated by TLC. 

The porphyrin compounds used in this work tie listed in TabIe I, along with 
their assigned Ietter designations empEoyed rfrroughout the text and the figures. 

The gas- chromatograph empfoyed was a CarLo Erba FTV 4160 instrument 
incorporating spIit/spIitiess and oucohmm injection. Hame ionisation detection and 
hydrogen carrier gas were used. Cap&q cohxnns used incIuded a flexible siI.ica 
column (0.30 mm I.D.) coated with OV-I (Phase Separations}; a flexible silica column 
(0.32 mm ED_) coated with QV-1 (Hewlett-Packard) and a glass column (0.34 mm 
I.D_) coated with CPSil5 (Chrompack)_ 

Temperature pro_- ing was used throughout, with an initial oven tempera- 
ture of 6O’C. On-cohmm injection was the usual injection me’ihod, aithough splittess 
proazdures were also used. Average hydrogen carrier gas flow velocities were in the 
region of SO-I20 cm see-I, and are indicates-in @our legends as appropriate. 

A Carlo Erba FIT 4160 gas chromatograph was interfaced with an AEi MS 
30 mass spectrometer. The gas cbromatograph, with an access hole dril.Ied through its 
base, was supported above the source of_ t&MS 30_ An interface heater unit was 
construckd and pIaced on top of the normal-AI%-@ass reentrant, protruding 2.5~cm 
into the oven of the gas chromatograph. The.&ss reentrant was held by. & support 
bracket in order to be+ the i+Sface&&ter without breakage of the fragile reentrant_ 
A length of gExss-i&ed--stim steer tubLog @SLT a.5 mni &ID., ScietitSti C&s% 
&q@xqin~ Milton Key&) &s~n@nted (vacuum tq$Q on top of the reentrant, 
passing through the interface heater and into the oven of the gas chromattigraph. The 
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