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ABSTRACT

The low temperature emission spectra of the dimethyl
ester of mesoporphyrin IX and its Co(ll), Ri(II), Cu(ll),
Zn(11), Pd(II), and Cd(Il)=derivatives have been obtained,
The emission cha:actexﬁtics of Ag(ll) derivative were ine
veatigaced;_ however, no emission bands could be detected.
The spectral properties of these compounds are discussed
in terms of the degree of spin-oxbital coupling present in
such molecules, Sevaial predictions are made regarding
the magnetic character of the cgnttal metal fon and the
metal-porphyrin gmg!:ry present in these porphyrin mole~
cules.

In additioﬁ, a comparison is made of the intensities
of the f.luoméeent spectra of Zn-mesoporphyrin with Zn-
phthalocyanine. This indlcates that there is a decrease
in the size of ‘the area between the pyrrole rings of the

former molecule compared to the latter.
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IRTRODUCTION

Nature of the Porphyrins
The porphyrins represent a class of compounds widely

distributed in nature. As a result, much information cone
cerning their chemical and physical properties is constantly
being compiled, One such porphyrin-like compound, chloroe
phyll, is directly concerned with photosynthesis. Just
what role it plays in this process is not completely undere
stood at the present time., Also, little is actually known
al;out: the type of bonding that exists between the porphyrin
nucleus and various metal atoms. In order to gain better
insight to these, as well as to other problems, it is neces~
sary to study not only the natural porphyrins, but also the
artificlal porphyrins.

The porphyrin molecules are made up of four pyrrole
rings joined by four methine groups, &3 in Figure 1. Various
groups are substituted onto the porphyrin nucleus to form
the different parent porphiyrins, It has been shown, from
molecular orbital calculations, that all of these molecules
possess a high degree of aromaticity (1, 2).

The absorption spectra of the porphyrins and their

metal derivatives consists of a series of narrow, well
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defined bands in the visible region of the spectrum. These
abgorption bands are due to T7-TT electronle transitions,

The Importance of the lowest Excited States

When a molecule 18 excited (by the absorption of
14ght), it camnot normally re-emit its electronic excitation
energy until it resides in the lowest vibrational level of
the lowest electronic state. Since the molecule is often
excited to higher electronic at:aceé, it must, therefore,
necessarily loose this excess energy by a rapid, radiatione
h;sa process known as internal conversion in order to pass
into the lowest electronic excited state of the series (for
example, see the work by Kasha (3)). Internal conversion
usually occurs about 104 times faster than the time required
for direct emission from an upper excited state, so that the
molecule normally does not have time to re-emit its excita-
tion energy from any state other than the lowest excited
state.

All molecules possessing an even mmber of paired
electrons have dlamagnetlic ground states which are termed
singlet. Vhen such a molecule is éxcited, the electron
palring can be sustained and thus the excited state is also
a singlet. Such a transition is designated as: singlet—
singlet. However, it is possible that during an excitation,



or moxe probably during the time a molecule is in an excited
singlet electronic state, the electrons in their different
space orbitals will mouple. In such a case, a state of
.higher msltiplicity results; this is the triplet state.

The transition from a molecular singlet to a triplet state
occurs due to a phenomenon designated as intercombination.
Due to the process of internal converslon, only the lowest
excited triplet state is normally capeble of re-emitting
the exc;tation enexgy.

Figure 2 illustrates the fundamental processes ine
volved in electronic transitions. Fluorescence is the term
used for singlet — singlet emissions, and phosphorescence
indicates triplet —— singlet emission.

By application of Hund's rule, the triplet state will
be lower in energy than the corresponding singlet state of
the molecule in most every instance, This would mean that
the phosphorescence 18 found at longer wevelengths than the
fluorescence., This is the best distinction available be-
tween these two processes. I1f one compcm of a similar
series of compounds exhibits both fluorescence and phose
phorescence, and if the emission for another member of :h;s
series occurs only in the region assigned to the phosphores~

cence of the first, then it can safely be assumed that the



emission of the latter was phosphorescence.

Fluorescent lifetimes are usually of the order of 10'8
to 10°30 séconda, whereas the lifetimss of phosphorescence
are usually much longer = 10°% to several seconds. These
.lifetma are an indication of the "allowedness"” of a transie
.tion. 1£, for some reascn, the singlet — singlet process
is somewhat forbidden, then the corresponding missiog
(fluorescence) will be longer livas‘l and have a lower intene~
sity of emission. Also, the 1lifetime of phosphorescence can
be shorter because of certain perturbations (vid. seq. page).
In such cases, it becomesobviocus why no clear cut distince
tion' exists between fluorescence and phosphorescence solely
on the basis of lifetimes,

Since the lifetimes of triplet states are usually long,
some means must be taken to prevent loss of excitation energy
by collisional deactivation. This is accomplished by study-
ing phosphorescent emissions in a rigid glass media. The
high viscosities in such systems prevent collisions between
wolecules which would drain off the excitation energy.

m:eét excitation from the singlet ground state to the
triplet excited state is an impracticable means to study the
phosphorescent emission of a molecule because certain selece

tion rules prevent direct singlet — triplet absorption.



A ouch more efficient mode to populate the triplet state

is by the intersystem crossing process. The degree of intere
system crossing (excited singlet to lowest triplet) can be
increased by spla~oxbital perturbations.

i The degree of spin~orblital interaction is dependent

on three factors: the nuclear éhaxge of atoms or ions pre-
sent in the molecule; the distance of approach by the op-
tical electron to the nucleus of atoms or lons and to other
electrons in the molecule; and the presence of paramagnetic
atoms or ions in the molecule.

The spimning motion of the optical electron creates
a magnetic moment which then interacts with the magnetic
field set up by the motion of the nucleons of a high atomic
nunber atom or ion. The higher the atomic number, the
greater the magnetic moment created,land the greater the
spin~orbital interaction. (The other electrons in the sys-
tem will also create a magnetic field which can interact
with the field of the optical electron).

The spin-orbital interaction is also dependent on the
distance of approach of the optical electron to the nucleus
of heavy elements., The magnetic field of the nucleus is none
uniform; it diminishes rgpidly as the gistanca from :hp nucleus

is increased. Thus, the closer the optical electron can



approach the nucleus of a high atomic number atom or iom,
the greater will be the spine~orbital interaction. This de~
greé of approach can depend on the electronic arrangement
pt the high atomic number element., Yuster and Welssman (4)
have demonstrated this dependence of spin-orbital interaction
by employing atoms or ions in the molecule which had incom-
pleted inner shells. |

The greatest effect on spin-orbital interaction is
brought about by the presence of a paramagnetic ion or atom
in the molecule. The unpaired electron creates such a
large, non-homogeneous magnetic field that only phosphorese
cence is observed (i.e., there is complete intersystem .ci'oss-
ing from the excited singlet to the triplet state)., This
effect is demonstrated in the papers of Yuster and Weissman
(4), ¥cClure (5), and Becker and Kasha (6).

The overall effects of increasing spin-orbital intere
action may be sunmarized as follows:

(L. t:heté is a decrease in the quantum yield of

fluorescence, with a consequent increase in
the quantum yield of phoephorescence;
(2). the lifetime of :ﬁe phosphorescence is decreased.



Emission Spectra of Porphyrins and
their Metal Complexes %exw

Most of the early work on the emission spectra of the

porphyrin molecules was carried out by Dhere, Stern, and

" Kosaki (see rgfermea 2732, 43-47, 48«30, and 52 in the
thesis by Becker (7)). At this time, these investigators

observed only the fluorescent emission of such molecules,

Table 1 gives the emission data compiled by these authors,
as well as that of several othexs.
The most complete study, to the present time, on the

effects of a metal substituent on the emission spectra of
porphyrin was carried out by Haurowitz (8). He studied the
fluorescent epectra of fifteen mgtallo»detivativm of one of
the mesoporphyrins, It was obsar;md that all the diamagnetic

derivatives possessed fluorescent bands, while the paramage
netic complexes had no such emiesion. This paper also gives

a good discussion of the bonding between the metals and the
porphyrin nucleus and of the absorption npaccré of these

metal complexes. Haurowitz stated that the absorption band
maxima shifted to shorter waveléngtha witﬁ increasing para-

magnetic susceptibility of the metal ion.

Albers, Koorr, et gl (9, 10) reported that the Nie,
Age, and Zn-derivatives of a tetraphenylporphine had fluores~
cent bands. Of these, only the Zn~complex had fluorescent

bands in a region different from that of the parent



porphyrin, This, coupled with the fact that the emission
intensities of the Ni- and Agederivatives were very weak,
would necessarily lead to the conclusion that their reported
‘emission was really just the fluworescence of the parent porxe
phyrin present in a trace amount,

Becker and Kasha (6) were thc £irst to report what
appeared to be the true emission spectra of a nickel pore
phyrin. They found that it was totally phosphorescent and
that its emission intensity was very low, L'rheir results are
recorded in Table II. (Por a further discussion of this
paper, see Section IV of this thesis),

Absorption Spectra of Porphyring and
their Metal Complexes

Many comprehensive studies of the absorption spectra

of the metalloeporphyrins have been carried out by such in-
vestigators as Stern, Corwin (see references 55~74 and
75-81 in thesis by Becker (7)), and Haurowlitz (8, 11). As
long ago as 1918 Milroy (12) described the spectroscopic
characteristics of the Za~, Cd-, Ni=, Coe~, Fe~, Cu~, Sn~,
and Pb-derivatives of hematoporphyrin,

In recent years several veview articles concerning the
absorption spectra of the porpbyrins have been published
(1, 2, 13, 14). Of particular importance was that of



wWilliams (14) + He found that the more electronegative the
metal in the porphyrin molecule, the more the band maxima
were shifted toward shorter wavelengths (i.e., the order
of increasing shift wast Pd(II)> NL(II) > Co(II) > Cu(II)>
Zn(II) > Fe(II) > Ma(II) > Mg(II) > Ba(ll)). The fact that
'tha intensity of the fira!; absorpti.oﬁ band increased with
an increase in the electron donor character of the metal was
also noted, , |

Quite often the absorption sﬁectmnof the metal por=
| phyrin is used as a means to gain information concerning the
nature of the bond between the porphyrin nucleus and the
wmetal. Dofough and co-workers (15) used the metallo-tetra~
phanylporphi.nes for such a correlation. They concluded that
those metals which had a 4 orbital available for bonding,
had a very depressed f£first band in the first electronic
transition (cf. their figures for Cu, Az, Ni, and Co)., The
divalent metals which had no d orbitel available for bonding
were shifted to longer wavelengths compared to the "d group”,
and their first absorption band was much more intense (cf.
their figums for Mz, Ba, Zn, Cd, and Sn), If the metalb-
porphyrin was comp!.eeeiy ionic in character, it had an en~
tirely different type of spectra from either of the above,
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In addition, it was noted that the metals in a given group
in the periodic table also presented certain general trends,
As one proceeds down a group (i.e., increasing electro=
positivity), the entire spectrum shifted to longer wave=-
_léngths, :he‘ ﬂ;m: band in the first electronic transition
was more intense, and the extinction coefficient of the
strong absorption band near 4000 A (the Soret band) de-
creased. |

Other studies of the absorption spectra of the metallo-
porphyrins which deserve mention are those by Seely (16),
Thomas (17), and Couterman (18).

Scope of the Present Investication
Extensive Xeray and infrared analyses are normally

carried out in an effort to ascertain the molecular geometry
of a molecule. However, as was pxwibusly pointed out, seve-
:sl. papers have recently appeared in which an attempt was
made to determine the type of bonding §reaent: in these
metalloeporphyrins from molecular orbital calculations and
from absorption spectral data., In particular, the papers

by Simpson (1), longuetteHigzins (2), Seely (19), Dorough,
et al (15), and Gouterman (18) are to be complimented. How=
ever, all of these papers fail to dia_cuas or ‘explai.n the
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discrepancies encountered in such things as magnetic suse
ceptibility and emission s;yéctrm For example, in the paper
by' Dorough and coeworkers (15), it was impued that Nie, Coe,
Cue, and Ag-ions were bonded to the porphyrin mucleus in
the same manner since thelr absorption spectra were so simie
lar, All of these metals were said to utilize one of their
d orbitals for bonding, and this would mean that the Nie
porphyrin must be diamagnetic (20). |
| 1f the Ni-porphyrin is diamagnetic, then its emie=
slon spectra should be fluorescent, while that of the para~
magnetic Cu~, Ag+, and Co=porphyrin should be solely phos=
phorescent (8). No fluorescent bands for the Ni-porphyrins
have been definitely established up to the present investie
gation,

X-ray studies have shown that most of the divalent
metalloephthalocyanines are planar molecules (21, 22, 23, 24).

Since the porphyrins are so closeiy related to the phthalocya=~
nines (see Figure 1), it follows that they should also be

planar, This would lead to the conclusion that the transie
tion metal derivatives of these compounds ehould have dsp?
séma planar bonding between the central metal atom and the
four pyrrole nitrogens. A later, um:@ detailed investigation
indicates that while the metal ion in the Nieporphyrin is
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in the plane of the w@aw molecule, the fo#i: pyrrole nitroe-
gens are out of the plane (25). This would necessitate a
different type of bonding between the metal atom and the
_porphyria ring, as previously proposed by Becker (7).

The present investigation deals with the emission
spectra of the transition metallo deri.vativéa of the di-
methyl ester of mesoporphyrin IX and of certain metallo-
phthalocyanines., By considering the type of emisaion (i.e.,
fluorescence and phoaptbmsceme) obtalned, their relative
intensitles and lifetimes, certain deductions can be made
concerning the type of bonding between the porphyrin and
the metal, and the magnetic susceptibility of the metal ion,
It will be shown that the emission data generally provide
a superior means of determining these than do absorption
spectral studies,

In brief summary:

(1). To the present time, absorption spectral studies
have been incapable of predicting certain une
usual spectral emission properties often found
in many molecules.

(2). Abaérptian spectral data do not present a defimi~

- tive method of determining the magnetic character

.
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of the metal ion in compounds such as these
metallo-porphyrins.,

It will be 'dwonstra‘ted that emission spectral
studies can give a great deal of information
concerning the nature of the metal-ligand bond~
ing in molecules ;uch as the metallo~porphyrins,
Even though quantitative information can be obe
tained by X~ray stuiles, cextain valuable quali~
tative information can be obtained in a much
shorter time from emlssion spectral data., Moree
over, it will be shown that qualitative deduce
tions regarding magnetic suscep:ibiutj can be
obtained from emission data in a mch.shorter
time than required by conventional methods.
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EXPERIMENTAL

Purification of Solvents
N, Nedimethylformamide was obtained from Distillation

Products Industries, Rochester, N. Y., Division of Eastman
Kodak company. Two grades of purity were employed: (1)
spectro~grade » for all spectral work; and (2) Eastman White
Label + for all procedures preliminary to obtaining the spece
tra. These were used without further purification.

The 1~¢hloronaphthalme, Eastman White Label, also ob~
tained from Distillation Products Industries, was used withe
out further purification. The absorption spectra of this
solvent versus alr indicated no sbsorption in the region of
1000 to 370 millimicrons,

Diethyl ether was purified by refluxing Baker's A.R.
anhydrous ether over caleium hydride or metallic sodium for
several hours. This was then distilled through a 36~inch
fractionating column packed with glass helices. The dis-
tillation head was a total condensation = partial take-off
type. A reflux ratic of 1110 was used for this and all other
distillations. -

Absolute ethanol was used from freshly opened bottles
without further purification. It was obtained £from U. 8.
Industrial Chemicals Co., Division of NHational Distillers
Producte Corp., N. Y.
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i’hilnps Petroleum Special Products Division supplied
ingtrument grade iscpentane which was further purified by
fractional distillation over calcium lh‘ydtide; The frace
;ionaaing colunmn was a modified Widmer column with a dige
tillation head comparable to that described for the ether
distillation. In addition, the isopentane was passed
through a colmﬁ 13 inches in length with a diameter of 22
pillimeters packed with silica gel (60 to 200 mesh, obtained
from the Davison Chemical Co.). The silica had been actie
vated by heating to 499° C.

The 3-methylpentane, Phillips Pure Grade (99 mol %
minimum), was distilled over sodium through a 36einch frace
tﬁmxati.ng column packed with glass helices. The distillation
head was equipped with an sutomatic timing mechanism which
was adjusted to give a 1110 reflux vatio. The 3J-methylpene
tane was also passed through an activated silica gel columm
18 inches long with a dismeter of 22 millinmeters.

mriﬁ.caﬂon and Preparation of Compounds
Mesoporphyrins |
The mesoporphyrin IX, dimethyl ester and its Fe(III)Cle,
Co(IX)», Ni(Il)~, Cu(ll)~, P4(II)~, and Zn(Il)~metallo deriva=
tives were kindly donated by the Monadnock Research Institute,
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Inc,, Antrim, N, H, Their absorption .apectra in N, Nedimethyle
formamide indicated that they were of bigh purity., Subses
quent investigation of their emission spectra disclosed the
presence of trace amounts of the parent mesoporphyrin in the
cobalt, nickel, and palladium dexivatives, An attempts was
made to purify them by the method of Corwin and Exrdman (2§).
According to this émedum the metallo-mesoporphyrin is ree
crystallized several times from & chloroformemethanol mixe
ture. This method takes advantage of higher degree of solu~
bility of the parent mesoporphyrin in the chloroform. Howe
ever, it was found that this method did mot completely re-
move the contaminant,

The second procedure, which also proved unsuccessful,
was an acid extraction of the parent mesoporphyrin as dee
scribed by Erdman, et al (27). A 3 to 5 mgm. sample was exe
tracted four successive times with 2 ml. portions of 93.8%
formic acid, followed by fe#r wore extractions using 2 ml,
portions of 50% formle ecid. After these extractions, the
~ sample was filtered vith suction, washed with water and
ethanol, and finally dried for two hours under high vacuum.

When the emission spectra showed trace quantities of
the parent mesoporphyrin were still pfesem:, a longer extrace
tion. with the 98,87 formic acid vwas attempted., This time,
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the sample (3 to 5 mzm.) was extracted for tweaty hours,
with continuous stirring, using 4 ml. formic acid. This
was carried out in a 10 ml. erlenmeyer flask equipped with
a magnetic stirrer. While this procedure greatly reduced
the amount of contaminant, it etill failed to glve the de-
gree of purity vequired for this study.

In view of the sbove facts, another step was employed
in conjunction with the aclid extraction for purlfication of
the palladium mesoporphyrin. (The cobalt mesoporphyrin was
found to be unstable in an acid media; therefore, the pre=
liminary acid treatment was aliminacgd.). According to
Erdman (27), if the formic acld treastment fails to remove
the metal free mesoporphyrin, column chromatography may be
beneficial. Therefore, the acld treated samples were dia=~
golved in a minimum emount of hot reagent grade benzene and
placed on & calcium carbonate column. After developing the
column with benzene, the middle portion of the main dark
red band was removed, This portion contained the desired
product and it was extracted from the calcium carbonate column
with benzene and filtered through Whatmann #42 filter paper.
The resulting solution was carefully evaporated to dryness
vnder vacuum. This time the emission spectra of the sample

either showed no trace of parent mesoporphyrin, or only



exhibited these emissicn bands during extremely long exe
posuze. \ |

The cadnium sad silver(Il)-mesoporphyrin IX, dimethyl
estex cempounds were prepared in a manner similar to that
described by Dorough, et al (13), for metallo-derivatives
of tetraphenylporphice. Mesoporphyrin IX, dimethyl ester
(30 mgm.) was usad as the starting matexial for both proe
ducts, The metal was introduced by refluxing the parent
mesoporphyrin with four times the calculated amount of the
netal scetate in 5 ml, of pyridine, Refluxing was carried
out for 1.5 hours, and then the solution was allowed to stand
at room tmpemtuw overnight. | |

iIn ﬁreparin@ the cadmium dgxivativa, the original
browunishered solution changed to a deep marcon after heate
ing. An aliquaﬁ of this reaction mixzture had an sbsorption
spectra which agreed well ia both band position and shape
to that reported by Haurowitz (8). |

TM silver complex represents an unusual type of re=
action, In a pyri.tiim medis, the di-monovalent silver com=
plex is fongad firety however, on vigorous heating, it is
converted to the divalent gllver derivative. During the
boiling process, the browmisherxred solution changed to a deep
red and a silver mirroxr formed on the walls of the reaction
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£flask (for a discussion of this see Dorough, et al (13)).
Thls reaction could be represented asi Meso=Agy —
Meso=-Ag + Ag ! . Conversion to the metallo-mesoporphyzin

was verifled by the absorption spectra (8) of an aliquot of
this veaction mixture. The reaction mixture was transferred
to @ small separatory fuannel with 5 ml. of benzene. Approzie~
mately 10 ml, of water was added to the separatory funnel to
renove the bulk of the reaction solveat. The resulting bene
zene solution was washed several times with water to com=
pletely remove the pyridine and the inorganic salts. Followe
ing this, the benzens layer was dried over anhydrous sodium
sulfate, filtered and evaporated to dryness under vacuum.

It should be remarked that the cadmium complex was
found to be unstable to light. Consequently, all eteps ine
volving the benzene egolution were carried ocut in subdued
light,

It was not expected that the refluxing procedure em=
ploying the pyridine solution, would hydrolyze the ester
groups of the mesoporphyrin. Ia order to confirm this, a
sample of deuteroporphyrin IX, dimethyl ester was vigore
ously boiled for 15«20 minutes. The absorption spectra be~
fore and after this treatment were identical in all respects.
It was therefore concluded that the above procedures had
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5o adverse effect un the dimethyl ester of mesoporphyrin,

An alternate praceduré for the silver derivative was
attempted using glaclial acetic acld for the reaction sole
vent. In this solvent the reaction proceeds directly to
the divalent silver derivative, An examination of the abe
sorption spectra of the reaction solution did mot look like
that expected for the Az(lI)-derivative. As a result it
was decided to carry out the reaction in pyridine as pre-
viously described.

Phthalocyanines

Alpha~metal free phthalocyanine and its Mg-, Co-,
Zne, Fe(III)Cle, and Sn(II)-metallo derivatives were kindly
supplied by the Jackson Laboratories of the E, I. DuPont de
Nembura & Company, Inc. These aampleh were purified by washe
ing first with hot water to remove any extraneous inorganic
salts, and then with ethanol. After air drying, the samples
were suspended in hot lechloronaphthalene, filtered with
suction, washed with ethanol, and air dried. This suspension
procedure was repeated four times. The absorption spectra
of these compounds in lechloronaphthalene agreed well with
respect to both band maxima and relative intensity to those
reported by Anderson, et al (28) and by Linstead, et el
(29, 30, 31). These metallo~phthalocyanines were merely
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used to establish a set of reference absorption spectra;
all metalloederivatives used in this study were prepared
by the procedures outlined baldw.

The appropriate metal salt was added to a solution of
t.ha alpha~metal free phthalocyanine in N, Nedimethylformanmide
containing a small avount of trimethylphenylammoniua hydroxe
ide (32), This mixture was heated for various times over a
range of temperatures in an effort to increase the yield of
metal phthalocyanine. An examination of the absorption spece
tra of each of these reaction mixstures always exhibited bands
characteristic of the parent phthalocyanine. Since it was
desired to have the metal compounds completely free of the
alpha=netal free phthalocyanine, this procedure was deemed
too inefficient for use.

The method found to be the most simple and the most
ui:i.sfactary for the synthesis of these compounds was that
discussed by Bauman, et al (33). According to these authors,
the metallo~phthalocyanine was prepared by the following re-

action:

c
4 “N + M2 — METAL —PHTHALO— 4 NHy
?/ . CYANINE
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A 2.0 gn. senple of leaminoe=3~iminoisoindolene (kindly
supplied by the E, I, DuPont de Nemours & Company, Inc,) was
dissolved in 150 ml. of N, Nedimethylformamide. The approe
priate molar quantity of the metal salt was added to this
solution., This mixture was allowed to react, with constant
stirring, within a temperature range of 140 to 150° ¢ (ze-
flux temperature), During the course of the reaction, the
solution changed £rom a light brown to a viscous blue suse
pension (in the cases of the Mn(II)~» and Fe(ll)~-derivatives,
this color was dark brown). The reaction times ranged from
3 hours to 20 houxs depending on the metal derivative being
ptepéxcd.

After completion of this reaction, the 'mixture was
filtered using a suction filter assembly. The precipitate
was then washed with 25 ml., of hot dimethylformamide, washed
with water, and finally washed with ethanol. To insure
its purity, the precipitate was recrystallized several
times from l-chloronaphthalene. The absorption spectra of
these compounds agreed with those reported in the literature
and with the reference compounds obtained from DuPont.

Tables III and IV give information regarding the prepa-
ration and absorption spectra of the compounds prepared by
the above method.
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Spectral Technigues and Instruments
Instruments

A Beckman model DR~l automatic recording spectrophoe
tometer was used to obtain all absorption spectra. The
sample cells, of either quartz or pyrex, were made by the
American Instrument Company, Inc,., Silver Spring, Maryland.

For the emission spectra two instruments were employe
ed: (1) »~ a Steinheil Universal Spectrograph, model Gi,
obtained from C., A. Steinheil Sohne, Munich, Germany; and
(2) = a Hilger Infrared Medium Glass l-Prism Spectrograph,
made by Hilger and Watts, Ltd., London, England.

The Steinheil spectrograph has three adjustable glass
prisms, an £ ¢ 3.3, and & range of 3700 to 9200 A, Minimum
prisa settings were used in order to obtain maximum dispere
slon on the photographic plate. In this case the spectro-
graph settings weres prisms < 1.5; camera brackett = 26°23';
canera extension « 123.43 camera inclination = 75.6°; and the
c¢ollimator at 12,

On the other hand, the Hilger spectograph contains
only one fixed glass prism, but it has the advantage in that
its range extends from 3700 to 14000 A,

A modified Becquerel phosphoroscope was used in cone

Junction with the spectrogarph for obtaining solely phos~
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phorescence of compounds whose lifetimes were sufficiently
long. Tha phosphoroscope blades were rotated at 1800 rpm
and had slots of a 9° sector of smnulus cut in them. These
slots were diametricslly opposed to the uncut sections ene
abling a phosphorescence having a 1lifetime of approximately
5x 10'4 seconds oxr longer to be photographed., A diagram
of the phosphoroscope is shown in Figure 3.

Techniques

In oxder to ymmre thé mission spectra, the com=
pound being lnvestigated was dissalvad in a8 sol.venc system
which formed a clear rigid glaaa when cooled t:o 77° K. The
sample, held ina round pyrex or quarts sample tube, was suse
pended in a qMa Dewar flask filled with l.iquid' nitrogen.
The Dewar bad an unsilvered porxtion which enabled the excite
ing light to be easily fccnsad on the sample, and at the
same time, emabled It:h’e light emif:ted by the sample to enter
the spectrograph. Outside frosting on the Dewar was pre-
vented by direct;l.ng a dried stream of alr around the flask.

All emission spectra were takm in one of the follow=
ing solvent systemas |

(1). "EPA" « 2 parts absbl.ute éthanol. 5 parts al:hyl.

ether, and 5 parts Lsopemtane,
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(2). 2 parts absolute ethancl, & parts ethyl ether,
and 5 parts thhylpmtm.

(3)« 3e-methylpentans.

(4). 2 parts sbsolute ethanol, 2 parts lechloronaphe
thalene, 8 parts ether, and 6 parts iso=
peatane. |

(5)s 3 parts sbsolute ethanol, 3/4 part N, Nedimethyle
formamide, & parts ether, and 3 parts

| iscpentane.

/ The excliting light was supplied by a l~kw Xenone
lercury Compact Are lamp manufactured by the Hanovia Chemlcal
Company, Newark, N. J. The wavelength of the exciting light
was selectively controlled by placing a combination of solue
tion and colored glass filters between the light source and
tha sample assembly, Table IV gives the specific filters
employed for the various systems. The spectral properties
of the glass filters ere fully dasciibed in the booklet,
"Class Filters", Corning Class Vorks, 1948, For information
concerning the solution filters see Rasha (34).

The emisslion spectra were photographed on Rodak photoe

grephic plates of the types 1N, I+, and I-Z, All of these
plates are chavacterized by high sensitivity in the infrared



26

reglon., Type I-N ﬁlates have a high contrast and high senw
sitivity extending from 3000 to 8300 A. The 1-M and I-Z,
both high contrast, have their highest sensitivity in the
reglons of 8600 to 10000 A and 10100 to 11600 A, respective-
ly. The plates were always hypersensitized immedlately be
fore use. Plate specifications and methods of hypersensi-
tizing and developing can be found in Kodak Photographic
Plates for Scientific and Teéhnica; Use, 7th ed., Eastman
Kodak Company, Rochester, N. Y. Reference wavelength lines
were placed on the plate by superimposing the emission spece
tra of a standard Neon Gei;élerhdischarge lamp.

After developing the plates, the emission spectra were
traced with an Applied Research Laboratories Microphotometer
(densitometer) attached toAa Bristol Recorder having 0.3
second response. The tracing speed was usually 2 inches
per minute, In order to locate the wavelength of the band
maxﬁma, Q second tracing of the photographed spectra was
made by tracing both tha‘sampla aad reference neon spectra.
In ordei to locate the wavé}engﬁhs of the bands whose maxima
did not emactly correspond to one éf the standard neon lines,
& dispersion cuﬁve was prepared acéording to the instructions
given in the thesis by Elder (35)., In this case it was necese

sary to prepare two dispersion curves =~ one for each spectro-

graph.
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Two types of illuminating systems were used in this
‘study to photograph the emission spectra. Figures 4 and
5 ave diagrams of the illumination setups. In cases using
‘the phosphoroscope, the direct illumination system was ale
ways used,



I11.
RESULTS



RESULTS

The resulte of the emission smﬁra of all the die
methyl ester maﬁorplvrin IX compounds are compiled in
Table VI. The phosphoroscope (used in conjunction with
the Steinhell Spectrograph) was used to confirm the phos~
phorescence of the dimethyl ester of mesoporphyrin IX and
its Zne, Cd~, and Pd-derivatives.

Figures 6 through 13 are plai:a of the emission spece
tra of the compounds investigated. The relative intensie
ties of the emission bands can be seen by examining these
figures. These plote were obtained from the densitometer
tiacingn by using the diapm:ai.on curves to determine the
wavelengths of the bands. |

The emission spectra of Zn-phthalocyanine (cf.,
Figure 14) is included in these figures. Only the fluo=
rescent spectra of the alpha-metal free phthalocyanine and
the Znederivative could be observed. Since Becker and
Kasha (16) could not detect the phosphorescent spectra for
the metalloe~phthalocyanines in the photographic infrared
up to 9000 A, the infrared region beyond 9000 A was examined
in this investigation, The Cu~phthalocyanine sample was ex-
posed for periods no less than 8 hours using both an I-M
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and l«Z photographic plate (with maximm sensitivity in
the regions of 8600 « 10000 A and 10100 « 11600 A, rese~
pectively). As a result of these long exposures, the plate
background was so high that only intense enis#ion bands

| could have been detected. Due to this plate darkening

and lack of emission bagdg this project was carried no
further.
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DISCUSSION

Meso ng

This investigation confirms the earllier work of Becker
and Kasha (6) in which they reported what appeared to be a
phosphorescent emission from Ni-etioporphyrin 1I. The emis-
sion spectra from the dimethyl ester of Ni-mesoporphyrin IX
is sufficiently different from that of the other metallo-
mesoporphyrins to clearly establish its individuality. The
emission consists solely of phosphorescence, 1In addition,
th’e emigsion spectra of the dimethyl ester of Co-mesopor-
phyrin IX has been found to consist solely of phosphores=
cence. |

The transition mtanb-dexivatives of mesoporphyrin
provide an excellent series of compounds to illustrate the
effect of incxeasec} spin-orbital interaction on the emission
spectra. The parent mesoporphyrin exhibits both fluorescent
and phosphorescent emigsion bands. The intensity of the
fluorescence is so great that it is difficult to observe the
pbodphoreacant: bands., As a result, the phosphorescence of
the parent mesoporphyrin could be identified only by use
of the phusphoroscope. When a paramagnetic metal is com=-
plexed with the porphyrin molecule, spineorbitel interaction
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is greatly increased and complete quenching of the fluorese
cence is observed. Cu-mesoporphyrin uh;at:tates this effect.
The emission spectra of the Cuederivative consists solely
of phosphorescence, and the l.if'et.m of the triplet state
becomes too short to observe phosphorescence with the phose

pboroscope (the lifetime was estimated to be less than 1074
seconds). A comparisvn of the total emission spectra of the

parent mesoporphyrin with that of znumeéoporphyrin 11lug-
trates thé atomic mmber effect on spinworbital interaction,
when Zn-is complexed with porphyrin, the quantum yield of
phosphorescence is considerably greater than that of the
parent compound,

As previcusly stated, the 'mtallomescporphytins should
exhibit dsp? bonding between the metal fon and the porphyria
nucleus if they are planar moleculea, Tihls bonding scheme
requires that the divalent Ni ion have an electronic cone
figuration similar to that for the Zn ion (i.e., no unpaired
electrons), Complexing the Ni fon (via dsp® bonding) with the
parent mesoporphyrin should have much the same effect on the
emission spectra as did the introduction of the Zn ion.

Since the emission spectra of the later contains both fluoe

rescence and phosphorescence, and the atomic number of Ni is
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less than that of Zn, then the Niederivative would be ex~
pected to contain fluorescent bands, Contrary to this pree
diction, the Ni-mesoporphyrin is solely phosphorescent,
1If the Ni ion is bonded to the porphyrin mucleus with dspz»
bonds, .' then there are two possible explanations for this une
expected emission (see Becker (6)):
| (1). The Ri atom is not diamagnetic,
(2). There are other perturbations present in the
~ Ni-porphyrin which can ‘incresse the spin~orbital
interaction in the system similer to that of
a paramagnetic ilon or atom.

If the metal atom in the mﬂ-mesoporphyrin( is consid-
ered paramagnetic, the possible alectmnic configurations
would require the presence of two unpaired electrons no
matter what metéluporphyrin bonding scheme is employed.
Since Cuemesoporphyrin, with only one unpaired electron,
has sufficient spin~orbital interaction to allow complete
intersystem crossing from the excited singlet state to the
excited triplet state, it might be inferred that the pre~
sence of two unpaired electrons could further increase this
spin-orbital interaction., Such an increase in spine-crbital

interaction would be expected to result in an intensity of
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phosphorescence equal to or greater than the Cu~complex.
However, the intensity of emission of the Niemescoporphyrin
i3 much weaker than that of the Cuecomplex, indicating that
Bi and Cu are pmbably not alike with respect to their mag~
petic susceptibilities. (This intensity difference could
be caused by some type of radiationless internal degrada~
tion process in the Ki compound, This, too, would indicate
a difference between the Cu and the Ni bonding schemes).

The lifetime of the triplet state can provide & method
by which the magnetic character of the metal complex can be
determined, For instance, the phogphorescent emission of
Zn-gesoporphyrin (diamagnetic) can be obtained with the phos=
phoroscope whereas that of the Cu~derivative (paramagnetic)
cannot. Even though phosphorescence of Ni-mesoporphyrin
could not be obtained through the phosphoroscope,there re-
mains the possibility that the weak intensity of emission
could explain this.

The X~ray data (25) concerning the odd arrangement of
the pyrrole nitrogens around the central metal atom in Ni-
porphyrin would require that the bonding scheme could no

2 square planar. The metale-porphyrin geométry

longer be dsp
of such a system would indicate that the bonding is that of

an irregular tetrahedron (dp3 or dspz) . This arrangement

~



could tend to pull the pi electron system closer to the
central metal 1on, As a rgsult. the metal ion would be
able to perturb the system to a greater extent than if
dapz square planar bonding had been utilized, This per-
iturbation could incréasa the 5pin~orbitai interaction to
such an extent that only phosphorescence would be observed.
Agaln, the relative weakness of intemsity could be explaine
ed.by.aama radlationless internal degradation process ine
herent in the Nieporphyrin molecule.

Pd-mesoporphyrin, like the Wi analogue, has an emise
slon consisting solely of phosphorescence., The intensity
of this emlssion appears to be even greatex than that obtalned
from the paramagnetic Cu-complex. This implles that intere
combination i3 equal to or greater than that of the Cu~
derivative, However, the lifetime of the triplet state is
much longer in the Pd-compound than that in the Cu-porphyrin.
The 1lifetime fbi the Pd-nmesoporphyrin was estimated to be
approximately 5 x 1074 seconds by considering the time of
exposure and relative intensity of the emission observed with
the phosphoroscope: This difference in lifetime could only
lead to the conclusion that the Pd-mesoporphyrin is diamag=

netic,
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Thus, the question still remalns ~= why is the Pd-
complex solely phosphorescent? Whether the increase in
atomic number between Zn and Pd ls sufficient to completely
quench the flucrescence can easily be tested by examining
the emission spectrum of the metal porphyrin with a similar
atomic number but kuown to be diamagnetic. The Cd-porphyrin
represents such a copound, The.spactru& of the Cd-derivative
containg weak fluorescent bands in addition to the intense
phosphorescent emission. Furthermore, the lifetime of the
triplet state of Cd-mesoporphyrin is sufficiently long to
enable observation of the phosphorescence with the phosphoroe
scope; this is approximately 5 x 10°% seconds. Thus, the
atomic mumber effect alone is not the cause of the quenching
‘of fluorescence. Since the Pd ion is more electronegative
than the Cd ion (36), there remains the possibility that this
factor could be an additional perturbation to the system of
sufficient magnitude to quench the fluorescence, The simi~
larity of the triplet state lifetimes, in addition to the
Pd-Cu comparison makes it éannlusivq that the metal ion of
Pd-mesoporphyrin is truly dicmagnetic,

Thus, Pd could be bonded to the porphyrin by dsp?
square planar bonding. On the other hand, if Pd-mesoporphyrin

utilizes the same bonding scheme as that Lndicated for
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Nieporphyrin from X-ray measurements (25), then the totally
phosphorescent emission could be attributed to increased
spin-orbital S.ntermtion due to the odd molecular geome-
try, The differences in relative intensity of enission
for these two derivatives is still explicable even though
théy may have the same metalsporphyrin geometry. The Pde
porphyrin has several features which should enable it to
perturb the pi electron system to & g::eat::oam"L extent than
the Ni~complex. "Ifkwsa are:

(1). Due to an increase in atomic number, the
spinworbital interaction is enhanced with a
consequent ifncrease in intensity of the enite
ted phosphorescence.

(2). The electronegativity of the Pd ion is greater
than that of the Ni ion (36). This, too, would
allow the Pd i.én to distort the electron cloud
resulting in closer approach ef the optical elece
tron to the magnetic field of Pd fon. This would
result in a greater degree of spin orbital coupl~
ing.

(3). The Pd ion has a larger dismeter than the Ni

ion, As a result, there should be a greater
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overlap between the pyrrole nitrogen orbitals
with those of the metal ion. This would dise
tort the molecule even more, in the sense that
the pl system is pulled even closer into tﬁe
central metal ion with a consequent increase
in spineorbital interaction. Also, because
of size, the perturbing Pd ion would project
further into the fileld of the pl electron
’syaf:em.

However, if the metalwporphyrin bonding is identical
for the Ki and Pdederivative, then the ufeﬂme of the trip~
let state for Ni-mesoporphyrin should be longer than that
of ?dmesoparphytm. - This would mean that the phosphorescenég
of Ni-porphyrin should be observed with the phosphoroscope. Fur-
ther examination of the compound scems necessary to ascere
tain 1f the lifetime of Nieporphyrin is longer than that of
the Pdederivative. |

| The emission spectrum of Co-mesoporphyrin consiats
solely of phosphorescence and has an estimated lifetime of
less than 1072 seconds, This 1s to be expected since the Co
fon is parmgnétiu (37) whether it has adopted the dspz
square planar b&nding or an odd type of bonding such as that
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exhibited by the Hiederivative., However, the weak ‘iz'xtensity
of this emission compared to that obtalned from the para-
magnetic Cuecomplex seems eurprising Lif dsp? square planar
bonding exists between the Co ion and the pyrrole nitrogens.
Both the Cu lon and the Co ion have only one unpaired elec-
tron when & 3d orbital {s utilized in bond formation. Thus,
it would seem that both ions should prééma the same de-
gree of spineorbital interaction with a consequent simil~
larity between lifetime of the triplet state and quantum
yield of phosphorescence., BSince the emlssion intensity of
Co=mesoporphyrin is comparable to that of Ni-mesoporphyrin,
it would seem necessary to conclude that both metals have

a similar bonding scheme. A closer examination of the
phosphorescent intensity reveals that the emission from the
Co*mesopoiphyrin is stronger than that observed for the Ni-
derivative. This i.htmauy difference could be attributed
to two factors: ;

(1), Co and \%i-mesoporphyrm are similar with respect
to memloporphyrin bonding, but ﬁhn presence of
an unpaired electron in the Co ion creates an
even greater 'apin-crbital {nteraction than that

produced by the distorted molecular geometry.
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(2). Co and Ni-mesoporphyrin are somewhat similar
with respect to metaleporphyrin bonding, but
the radiationless internal dagradati&n inher=
ent in the Ri~molecule 13 different or greater
than that of Co-mesoporphyrin.

There still exists another explanation fok weak intene
gities in emission for Ri and Coe-mesoporphyrin. If the
metallo=porphyrins are planar molecules like the structurale
ly similar phthalocyanines have been eh&wn to be (19, 20, 21,
22), then the following analogy could be drawn, A comparison
of experimentally observed magnetic susceptibilities of Mo~,
Fee, Co», and Ki-phthalocyanine with those calculated for
normal and penetration type complexes (i.e,, for fonic and
covalent type complexes) indicate that these four derivae
tives represent some intermediate typalaf bondiﬁg between
these two forms (38). Applied to the Ni and Co-porphyrin
molecules, this hybrid bonding scheme could give rise to a
radiationless internal degradation process by which most
of the excitation energy is drained 6ff. resulting in the
observed weak intensity for the phosphorescence, Further~
more, even if the Ri ion is diamagnetic, this type of bond-
ing could allow the metal ion to perturb the pi electron

system to such an extent that its emission consists solely
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of phosphoréseemé. On this basis, it -could be predicted
that the emission spectra of Mn- and Fe-mesoporphyrin should
also display this same weak intensity for their phosphores~
cent emission.

| Considering the intense phosphorescent emission of
the Cu~complex, it would aém logical to suppose that any
other paramagnetic metal of this same periodic group should
exhibit an equal or greater intensity of yhoaphorescence
when complexed with the porphyrin molecule. Rawevef:, even
with long periods of excitation, no emission bands for
Ag(II)-mesoporphyrin could be located. If the divalent
silver ion possesses electronic ekcitatimx levels lower than
the phosphorescent !.éve!. of the mesoporphyrin complex, it is
possible that all excitation energy could be transferred to
these atomic levels, The emission from these levels would
occur farther ;Lnto the infrared than the photographic plates
couldA detect, (For examples of this type of energy transe
fer see Weissman (39), and Crosby and Kasha (40). On the
other hand, several other p@aaﬁal« explanations for this
lack of emission orfs possible., For instance, the divalent
silver ion represents an oxidation state for this metal

- which is uncommon, As a result, the metal ion gshould be
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more electronegative than 1f it was in the univalent state,
and moreover, more electronegative thdn Cu(II). Due to
the greater electronegative and paramagnetic nature of the
| metal ion, an Internal degradation mechanism could exist
which would allow drain off of the excitation energy in a
radiationless manner. Moreover, the type and geometry of
the bonding with the pyrrole nitrogen atoms could be dife
ferent than Cu(II) because of the expected high electro=
negativity of Ag(II). 1f the fonic radit of Ag(ll) was
sufficiently large, it would no longer be planar with ree
spect to the molecule. Then the only alternative is for
the central silver ion to be out of this plane. This, too,
could give rise to scme radiationless internmal degradation
process., In order to test these hypothesés, & more com=

prehensive study of Ag(II)emesoporphyrin seems necessary.

- Comparison of Fluorescent Intensities of

Zn=phthalocyanine and Zne-mesoporphyrin

As estimation of the quantum yields of fluorescence for
Znephthalocyanine compared to that for Za-mesoporphyrin would
present a means to determine the structural similarity be-

tween these molecules., In order to make this estimate as
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quantitative as possible, both metallo~compounds were
studied in the same solvent system (EPA) and irradiated
with measured quantities of light in thelr respective exe-
‘citation regions (see Table V for _filcer systems). An es~
timate of the percentages of excitation light showed that
almost twice as much light was used to excite the meso-
porphyrin dexivative as that for the corresponding metallo-
phthalocyanine. The concentration of each sample w#s ade
justed so that equal integrated absorption areas were pree
sent in the excitation regions. An exanination of Fligure
14 reveals that Zn-phthalocyanine has fluorescent bahds
almost twice as intense as those of Zne-mesoporphyrin, This
would indicate that the quantum yield of phosphorescence for
Zn-phthalocyanine should be, at most, one-half as great as
that for Zaemesoporphyrin. This difference in quantum
yield of fluoreacence is directly related to the amount of
spin~orbital interaction present in these metal compounds.
The greater intensity of phosphorescence for Zan-mesoporphyrin
implies a greater degree of spin-orbital interaction, This
could be accounted for by the differences in expected elece
tron density on the pymu nitrogens for these two compounds.
Porphyrins should have a greater electron density on these
nitrogens than in the corresponding phthaiocyanines
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(See Becker (6)). This would enable the central metsl ion
(in porxphyrin) to have a greater degrea of orbital overlap
with theag pyrrole nitrogen orbitals; and, as a result, the
bond distance between the metal ion and the four pyrrole
nitrogens should be shortex than those in the metalloe-
phthalocyanine molecule, The effect of this would be an
increase in the perturbing ability of the metal fon, with a

consequent decrease in quantum yield of fluorescence.

Conclusion

It has been shown that emission spectral studies pro=
vide a valuable method to study the molecular geometry of
:hé metaleporphyrin bonding and magnetic character of the
metal iom. Such studies should not be limited to porphyrine
like molecules, but é:m be extended to any mmber of metallos
org,mic molecules. |

This investigation has shown that the metal ion in
Pdemesoporphyrin must be ﬁi&ametm. and is utilizing either
dapz square planar bonding between the metal ion and the
porphyrin ring or an odd bonding similar to that apparently
exhibited by Nieporphyrin. An analysis of the emissfon data
for Co-mesoporphyrin would indicate that it is also similar
to Mi-porphyrin with respect to bonding.
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A study of the relative fluorescent intensities for
Zn-mesoporphyrin and Zne-phthalocyanine has led to the cone
clusion that four pyrimle nitrogens in the porphyrin mole~
cule are closer in toward the central metal ion than those

in the corresponding phthalocyanine molecule.
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TABLE I

FLUORESCENCE SPECTRA OF PORPHYRINS AND THEIR
METAL DERIVATIVED

Metal Porphyrin (wavef_er;:ggs in A) Reference
Dimethylmesopor= ‘ ,

_ phyrin 6170 (8)
Na(l) " 5970, 6470 "
R(I) » /5990, 6560 "
Mg(1I) " 5860 "
2n(11) " 5760 | "
ca(1n) " 5810 "
Sa(lI) " 5790 | "
Ag(11) " Nomefluorescent "
Cu(ll) " " "
Co(1l) " ‘; ' "
Fe(1l) " " "
T1(11) " " "
Pb{1I) " Questionable "
Fe(IXI)OH " Nonefivorescent "
Fe(11I)Cl " " "

Mn(III)C1 " " "
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TABLE I{Cont'd.)

FLUORESCENCE SPECTRA OF PORPHIRINS AND THEIR
METAL CERIVATIVES

‘ Bands .
_Metal Porphyrin (wavelencths in A) Reference
| Mesoporphyria IX,

dimethyl ester 5972, 6230, 6540, (See ref.48
| 6720, 6910 ia (7)).
Al(II1) " 5793, 6030, 6310 "
AL(II1X) in
solid state " 6200, 6410 "
Ga(ll) Mesoporphyrin 6050«6300, (41)
$650-5800
Hematoporphyrin 61806420, (See refs.43
6480-6550, and 44 in
66606770, G).
63306940
Fe(1lI) " Non=fluorescent "
CO (11) n " L 1]
Cu(II) B " "
Za(11) ‘ " $790+5830, "
. 61606360
ca(1) " ‘ Fluoresces orange "
?B(II) " | Fluoresces orange- "
red
sn(lI) " 5720-5900, "

6130-6480
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TABLE I(Cont‘'d.)

FLUORESCENCE SPECTRA OF PORPHYRINS AND THEIR
METAL DERIVATIVES

" Bands
- Metal Porphyrin (wavelengths in A) Reference
Zn(11) Hematoporphyrin 6280, 5785 (42)
Pb(1I) " 6205, 5780 "
cd(1I) " 6205, 5785 "
Zn(II) 'rrocoporphyrin 6295, 5845 "

Pb(II) " 6300, 5835 "
cd(1I) " 6295, 5840 "



TABLE II

FLUCRESCENCE AND PUHOSPUORESCERCE OF
PORPHYRINS AND THEIR METAL DERIVATIVES

_ Fluorescence Fhosphoxese

Metal Porphyrin {in A) gence (in A) _Reference
Tetraphenylpore
phine - 6600, 7300 (See ref.ld

’ | ‘ in (7))0

Mz3(1I) " - 7900 "
Zn(11) " 6500 7900, 8800

Etioporphyrin II 6236 80690 (6)
Zn{11) " 5730 7000 "
cu(1) "  None 6812 "
RL(XI) " | None 6812 "
Phthalocyanine 6918 Not cobserved "
Mz(11) " 6705 " "

zatn) 6731 "o "



49

TABLE IIX

REACTION DATA AND CHARACTERISTICS OF

Metal " vetal , T .
derivative salt . Reaction Color of
prenared employed time Comnound
Mo (21) ¥n(C,B,0,), 20 hours  dull brown-green
Fe(ll) - FeClg | 20 hours black
Co(Il) - . CoCly 4 hours  blue with maroon
'- luster
NL(ID) NL(CoH;0,) 4 hours  blue with red
, luster
Cu(1l) Cu(C,H.0,) 15 hours blue with red
2%3%)2 . luster

S z(II)  Zn(CpH40,), 20 hours bright blue
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TABLE IV

ABSORPTION SPECTRA OF METALLO-PHTHALOCYANINES
{in 1~ch1ntouaphtha1ene)

- Hetal Abaurptian,bauﬁ:mwuhna

derivative (wavelensth in A) .
¥a(IX) _ 7210 6330 6430 6000
Fe(1D) | 6550 5950
Co(1D) | | 46675 6400 6020 5750 5570
RI(II) 6680 6330 6020 . 5800 5360
Cu(II) 6730 6470 6030 5800 6500

Zn(11) 6770 6480 6090 5850 5650
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TASLE V

FILTER SYSTIMS FOR EMISSION SPECTRA

5arning
Commound Solution Filter Glass Filters
Mesoporphyrin 5 cm. CuSO,.5H0 #3961, 5562, 9782
- samples (125 ga. /L) |
Phthalocyanine 5 cm, CuS04.5H0 . #2412, 3961, 9788
samples (25 gm./1.) ' _

Special Filters for Zn-mesoporphyrin — Zn-phthalocyanine

Comparison:
Znemesoporphyrin 5 cm, Cu504a5520 $#5970, 7330
Zn=-phthalocyanine 5 cms CuS0,5H20 #2424, 9788

{25 gnm./1.)
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TABLE VI

SPECTRAL METHODS AND RESULIS

" Compound

Solvent?

Instrument

Experimental
L Arrangement

Mesoporphyrin IX,
dimethyl ester

"

Zn Mesoporphyrin IX,
dimethyl ester
L]

Cu Mesoporphyrin IX,
dimethyl ester

Ni Mesoporphyrin 1X,
dimethyl ester

Co Mesoporphyrin IX,
dimethyl ester

Cd Mesoporphyrin IX,
dimethyl ester

Pd Mesoporphyrin 1IX,
dimethyl ester

Ag Mesoporphyrin
Zn Phthalocyanine

(5)

(1)

(1)
(1)

(5)

(5)
(3)

(2)

(2)
(3

)
%)

Hilger

Stelnheil
Hilger
Hilger

Steinhell

Steinhell

Steinhell
Hilger

Hilger
Steiuheﬂ.

Steinheil
Hilger

Total emission,
side {llumination

Phosphoroscope

Total emission,
gide illunmination

Total emission,
gide 1llumination

Total emigsion,
front illumination

Total emission,
side illumination

Total emission,
side 1llunination

Total emission,
side 1illumination

Total emission,
side 1llumination

Phosphoroscope

Total emission,

side illumination
Total emission,
side illumination

85ee pages 2425 for a description of the solvent systems.
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~ TABLE VI

SPECTRAL METHODS AND RESULTS

— Lstimate of Band Positions®
m& of Emfssion Lifetimeb (wgvembes in em.*l)
Fluorescence ' saeee 16196, 15985, (15704), 15462,

15235, (15068), 15008, 14875,
14642, 13936, 13665, (13578),

13512, 13199
Phosphorescence  10°3 = 10"% 13310, 12400, 11845
Fluorescence vesre 17492, 16708, (16458), 16110,

| 15882, 15628
Phosphorescence 1073 = 10°% 14260, 13538, 12905, 12712

Phosphorescence <104 14656, 14430, 13872, 13786,
13098 |
Phosphorescence 43 (15200), 14630, 14472, 13980,
13575, 13145, (12456)
Phosphorescence <10°% 14908, (14430), 14168, 13705,
| 13545, 13415 :
Fluorescence vonns (17345), 17185, (16865), 16418,

15945, (15893), 15858, (15720),
15672, 15636

Phosphorescence 10”3 = 10™% 13772, 13283, 13118, 13028,
(12905), (12768), (126385), 12400

Phosphorescence  10°3 « 10%%  (15582), 15200, 14982, 14445,
- | ' (14252), 14100, 13318, 13666

Not observed T eeses sanee

. Fluoltgscence ' seans 14876, 14225, 13718, 13550,
| o 13425

PLifetimes of fluorescence are in the range of 10°8 to 109
:egonda. No apparatus was available to estimate fluorescence
ifetimes, ‘

€All questionable bands are indicated by paremthesis.



TABLE VII

SINGLET~TRIPLET SPLIT AND PREDICTED PHOSPHORESCENT
REGION FOR METALLO-MESOPORPHYRIN DERIVATIVES

Last absorption

First Fluorescent
band

{wavelength in A)

band .
Compound (wavelenzth in A)
Znemesoporphyrin 5750 |
Cu~mesoporphyrin 3590
Ni~mesoporphyrin 5490
Co-mesoporphyrin 5520
Cd-mesoporphyrin 5848
Ag-mescporphyt;n 5600
Pd-mesoporphyrin 5430

3715

LA R X ]
[ XA X

LK 2 N

5817
Not observed

LA R A
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TABLE VII1

SINGLETTRIPLET SPLIT AND PREDICTED PHOSPHORESCENT
REGION FOR METALLO-MESOPORPUYRIN DERXIVATIVES

First Phosphorescent ST Predicted Faose
band : split phorescent region
(wavelenzth in A) (wavelength in A) (wavelenzth in A)
6978 1283 sesen
682‘ ' R XYY ’ 6835
6310 | 6735
6673 " eeee 6765
7260 1443 7100
Not observed | sree . 68458
6576 sese (6675§
: (6838

%This value s based on the SeT spnn of the ZIn~
derivative.

Prhis value is based on the ST 8plit of the Cd-
derivative.
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FIGURE 1

Structure of the Porphyrin Molecule

Mesoporphyrin IX, dimethyl ester; 1,3,5,8~tetramethyle
2,4~diethyl«6,7=dli=(methyl propionate)~porphyrin.

Zn, Cu, Ni, Co, €d, Ag, Pd mesoporphyrin 1X, dimethyl
ester: BSame as mesoporphyrin IX, dimethyl ester with
metal complexed in the center of the ring (hydrogen
atom of rings 1 and III are removed).

Phthalocyanine: Same as porphyrin except that methine
carbong are substituted by N atoms and four phenyl
groups are attached to positions 1,2; 3,4; 5,6; 7,8,

Zn phthalocyanine: Same as phthalocyanine with the

~ metal complexed in the center of the ring.
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STEINHEIL SPECTROGRAPH
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4
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Pl— PHOTOGRAPHIC PLATE

FRONT ILLUMINATION SYSTEM

FIGURE 4
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EMISSION SPECTRA OF MESOPORPHYRINS

PAGE

F IHORESCENT‘ EPECTRA OF MESOPORPHYRIN IX, DIMETHYL
ESTER: Hilger Spectrograph, 0.1 mm, slit width, 4
minute exposure, IeR platﬁtc¢a¢ovtotnutuoococ.o¢ot 63

PHOSPHORESCENT SPECTRA OF MESOPORPHYRIN IX, DIMETIYL
ESTER: Steinheil Spectrograph, 1.0 mm. slit width,
2 hour exposure, IeN plat@.iuscencvscncnneresncseee

FLUORESCENT AND PHOSPHORESCENT SPECTRA OF ZN-MESO~-
PORPHYRIN IX, DIMETHYL ESTER: Hilgex Spectrograph,
0.2 mm, slit width, 5 minute exposure, I-N plate.. 65

PHOSPHORESCENT SPECTRA OF CU-MESOPORPHYRIN IX,DIMETHYL
ESTER: Steinheil Spectrograph, 0.} mm. slit width,
3 minute exposure, I-N plate.uav.a..-.....g..¢.... 66

PHOSPHORESCENT SPECTRA OF RNI~MESOPCRPHYRIN IX,
DIMETHYL ESTER: Steinheil Spectrograph, 0.2 mm slit
width, 2 hour axpcsura, I-N plate..;.............. 67

PHOSPHORESCENT SPECIRA OF CO*MEEOPOWIH IX,
DIMETHYL ESTER: Steinheil Spectrograph, 0.2 mm. slit
width, 2 hour exposure, I~N platCesvsnsscessnceess 63

FLUORESCENT AND PHOSPHORESCENT SPECTRA OF CD=MESQe
PORPHYRIN IX, DIMETHYL ESTER: Hilger Spectrograph,
0.2 mm, slit width, 3 and 10 minute exposures,

I-N Pl&tﬂuiaocutvnnqn'tgsoqooaotaa¢¢nau4ottca.o~oa 69

' PHOSPHORESCENT SPECTRA OF PD-MESOPORPHYRIN IX,

DIMETHYL ESTER: Hilger Spectrograph, 0.1 mm slit,
10 second exposure, I-N Platescensecsvsoscscrsnnss 70

FLUCRESCENT SPECTRA OF ZN-MESQPORPHYRIN AND ZNe
PHTHALOCYANINE: Eilger Spectrograph, 0.2 mom slit
width, 1 minute exposure, I~N plat@.sessssrvsseses 71
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