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SPECTROSCOPY AND STRUCTURE 

Dual Fluorescence from Two Erbium( I I I )  Porphyrins 
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TPPErOH (TPP, 5,10,15,2O-tetraphenylporphin) as well as TPPEr(dpm) (dpm, 2,2,6,6-tetramethyl-3,5-heptandone) fluoresce 
not only from the lowest excited singlet (SI) state but also from the second excited singlet (S2) state, while OEPErOH (OEP, 
2,3,7,8,12,13,17,18-octaethylporphin) emits only from SI  state. TPPEr(dpm) is in two different conformations in metha- 
nol/ethanol (7:3 v/v) glass at 77 K; the conformer with the central metal ion displaced out of the porphyrin plane emits 
no Sz fluorescence, while the other conformer with the central metal ion in the porphyrin plane does emit S2 fluorescence. 
Upon irradiation in the ultraviolet band around 300 nm, TPPEr(dpm) emits from both porphyrin S2 and coordinated &diketone 
TI (the lowest excited triplet) states. 

Introduction 
Upper excited-state emission has been observed for a variety 

of diamagnetic metal porphyrins.Iv2 Characteristic Q and B 
(Soret) bands of metal porphyrins in the visible and near-ultraviolet 
region are assigned as the lowest excited singlet (SI) and the second 
lowest excited singlet (S,) states. Since these excited states are 
described as a 50:50 admixture of two common I(?r,n*) excited 
configurations l(a1,,eg) and '(azue,), the energy surfaces of the 
lowest excited singlet states are almost parallel. This retards S2 
-+ SI relaxation and thus the intense S2 (Soret) oscillator can 
fluoresce. Since there are no triplet excited states between the 
SI and S2 excited  state^,^ the lifetimes of the S2 state of dia- 
magnetic metal complexes are goverened by the rate of S2 -- 
SI internal conversion. 

The lowest excited states of paramagnetic metal complexes are 
attributable to the configuration-interaction admixtures of por- 
phyrin (.K,.K*) excited singlet and triplet states and "porphyrin- 
to-metal" and/or "metal-to-porphyrin" charge-transfer excited 
~tates.43~ In this situation, T I  (phosphorescence) emission of 
paramagnetic metal complexes decays in a very short period. 
When the charge-transfer excited states are sufficiently low, the 
S-T absorption bands are observed to the red of Q band instead 
of the TI emission.** Nickel(I1) porphyrins, even if in the 
diamagnetic ground state, exhibit neither Si (fluorescence) nor 
TI  e m i s s i ~ n . ~ J ~  On the other hand, palladiumfI1) and plati- 
num(I1) porphyrins with isoelectronic outer shells emit intense 
phosphorescence even at  room temperature. The quenching of 
luminescence in nickel porphyrins has been ascribed to a '(d,d*) 
excited state at lower energy than the SI state." The low-lying 
'v3(d,d*) excited states of palladium and platinum porphyrins are 
lifted in between the SI and S2 states. However, this results in 
quenching of the S, emission. 
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Paramagnetic erbium( 111) porphyrins TPPErOH and 
TPPEr(dpm) (TPP, 5,10,15,20-tetraphenylporphin; dpm, 
2,2,6,6-tetramethyl-3,5-heptanedione) show not only SI but also 
S2 emission, even if a sequence of the sublevels of (f ,P) excited 
states 41, 4F, 3, 2H are present below the S2 state.12 In this paper, 
a study of the luminescence properties of erbium porphyrins is 
presented. 
Experimental Section 

Materials. TPPH2 and OEPH2 (OEP, 2,3,7,8,12,13,17,18- 
octaethylporphin) were prepared and purified by methods de- 
scribed e1~ewhere.l~ TPPErOH and OEPErOH were prepared 
by the imidazole melt rnethodl4J5 instead of the method proposed 
by Wong et a1.1*18 The products were purified by chromatog- 
raphy on nonactivated alumina columns and were recrystallized 
from chloroform/methanol (TPPErOH) or dichloromethane/ 
heptane (OEPErOH).I9 

Anal. Calcd for C,,H33N403Er(TPPErOH.2H20) (mol wt 
833.03): C, 63.44; H, 3.99; N, 6.73. Found: C, 63.79; H, 3.67; 
N, 6.62. 

Calcd for C36H47N402Er(OEPErOH-H20) (mol wt 735.06): 
C, 58.83; H, 6.44; N, 7.62. Found: C, 58.73; H, 6.44; N, 7.81. 

TPPEr(dpm) was prepared from TPPHz and E r ( d ~ m ) ~  by the 
imidazole melt method. The product melt was dissolved in a small 
amount of methanol. The residual TPPEr(dpm) was washed with 
water and then recrystallized from dichloromethane/methanol.~9 
E r ( d ~ m ) ~  was made by the literature method.m 

Anal. Calcd for C55H49N403Er(TPPEr(dpm)-H20) (mol wt 
981.28): C, 67.32; H, 5.03; N, 5.71. Found: C, 67.64; H, 4.94; 
N, 5.97. 
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Figure 1. Absorption and MCD spectra of OEPErOH (a), TPPErOH 
(b), and TPPEr(dpm) (c) in methanol. 

TPPGdOH and OEPGdOH were prepared by methods similar 
to those described for the corresponding Er complexes. 

All the solvents used for preparations were commercially 
available and purified by distillation just before use. 

Measurements. Absorption spectra were recorded on a Hitachi 
330 spectrophotometer. Magnetic circular dichroism (MCD) 
spectra were measured on a JASCO J-5OOC with an electromagnet 
set a t  1 T. 

Emission and excitation spectra were taken on a Hitachi 850 
spectrofluorometer equipped with a Hamamatsu Photonics R928 
photomultiplier. The emission and excitation responses were 
calibrated by use of a concentrated ethylene glycol solution of 
rhodamine B (8 g / ~ m ~ ) . ~ '  Emission spectra were also corrected 
by using standard solutions of 4-dicyano-4'-nitrostilbene (800-600 
nm) and m-(dimethy1amino)nitrobenzene (630-480 nm).22 
Phosphorescence of the dpm moiety in TPPEr(dpm) was detected 
through a chopper attached to the spectrofluorometer. 

Fluorescence lifetimes were determined by the single-photon- 
counting method on a PRA nanosecond fluorometer system. The 
lifetimes were determined by fitting the decay curves exponentially 
using an iterative least-squares method.* Quantum yields of 
emission were measured with reference to the yield of the SI 
emission of TPPZn in benzene (& = 0.033)23 using optically dilute 
solutions.24 

Porphyrin Tl emission was measured through a Nikon P-250 
monochromator by a Hamamatsu R928 photomultiplier upon 
excitation by an NRG-0.5-5-150/B nitrogen laser. The emission 
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Figure 2. Energy-level diagram of the excited states of erbium(II1) 
porphyrins. T,, S1, and S2 are the lowest porphyrin (a,?r*) excited triplet 
and singlet states (a), 'I, 4F, 4S, and 2H are the sublevels of the (f,P) 
excited state of the Er(II1) ion (b) (ref 12), and ' (?r,~*) and 3 ( ? r , ~ * )  are 
the lowest @-diketone (T,T*)  excited triplet and singlet states (c). 

signal was A/D converted on a Kawasaki Electronica transient 
memory Model M-50E and accumulated on an NEC computer 
Model PC9801-F2. The lifetimes were determined by the 
least-squares method. 

Spectra, decay lifetimes, and quantum yields of emission were 
measured with methanol solutions. Emission measurements were 
also carried out in methanol/ethanol (7:3 v/v) at  room temper- 
ature and in glassy media at  liquid nitrogen temperature. 
Methanol and ethanol used for absorption and emission mea- 
surements were commercially available and purified by distillation. 
Solutions of the porphyrins were sealed in cuvettes after being 
purged with nitrogen gas just before the emission measurements. 

Results and Discussion 
Figure 1 shows absorption and MCD spectra of OEPErOH, 

TPPErOH, and TPPEr(dpm) in methanol. The Q (SI) band is 
of forbidden character; however, the Q band can borrow a tran- 
sition intensity from the allowed B (S,) band. The intensity of 
Q0,, band is much less sensitive to peripheral substituents, axial 
ligands, and central metal ion, while that of Qo,o band is dependent 
upon the variation of the substituents. MCD spectra exhibit A 
term dispersions in Qo,o, Qo,l, and B bands. Vibrational structures 
of the MCD in the Qo,l band are noted. The 34 X lo3 cm-I band 
in TPPEr(dpm) is assigned as the '(?r,?r*) excited state of coor- 
dinated dpm. MCD can detect the ultraviolet bands of the 
porphyrin moiety present beneath the MCD-silent dpm band to 
the blue of Soret band. In fact almost identical MCD spectra 
are obtained for TPPErOH and TPPEr(dpm). Figure 2 presents 
a schematic energy-level diagram of the excited states of erbi- 
um(II1) porphyrin. 

The ratios of intensities of Qo,o and Qo,l bands found for OE- 
PErOH, TPPErOH, and TPPEr(dpm) are 1.74, 0.19, and 0.20, 
respectively. This suggests that the S2 state grants more intensity 
to the Qo,o band in OEPErOH than in TPPErOH and TPPEr- 
(dpm). Figure 3 shows the emission spectra of OEPErOH, 
TPPErOH, and TPPEr(dpm) in methanol/ethanol(7:3 v/v). The 
excitation spectra of SI emissions are in good agreement with the 
respective absorption spectra. The spectra of OEPErOH conform 
to those reported in the literature14 except that the free-base 
emission is minimal in the present work. Quantum yields of the 
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Figure 3. Emission (---) and excitation (-) spectra of OEPErOH (a), 
TPPErOH (b), and TPPEr(dpm) (c) in methanol/ethanol (7:3 v/v) at 
rmm temperature. 
SI emission of erbium porphyrins in methanol were determined 
as 2.1 X 2.0 X and 2.0 X loa for TPPErOH, 
TPPEr(dpm), and OEPErOH, respectively, and the lifetimes were 
of the order of 0.1 ns. The yields and the lifetimes of SI state 
are considerably reduced relative to those of diamagnetic me- 
talloporphyrins such as TPPGaCl (& = 0.075, 7 = 5.5 ns in 
ethanol) .2 

TPPErOH emits from both the SI and S2 states, while OE- 
PErOH emits only from the SI state. Ultraviolet excitation spectra 
of both the S1 and S2 emissions of TPPErOH coincide with the 
absorption spectrum. This implies that the internal conversion 
S2 -- SI must be much faster than intersystem crossing S2 --+ 

T, and internal conversion S2 -- So. The decay of S2 state is 
almost entirely governed by the rate of internal conversion to S1. 
The energy surfaces of S1 and S2 states are almost parallel when 
the component excited configurations l(alUeg) and l(a2.e4) are in 
an accidental degeneracy. These surfaces, of course, shift from 
the ground-state surface. This reduces the Franck-Condon overlap 
and yields only weak Qo,o bands. However, the peripheral sub- 
stitutions partially lift the accidental degeneracy and give rise to 
some difference in shift between the S, and S2 surfaces. This 
prompts the rate of S2 -- S1 internal conversion and enhances 
the intensity of Qo,o band. It should be noted that the green (4S312) 
emission lines of Er(II1) ion, which lie between the porphyrin Q 
and B bands, are completely quenched. 

Figure 4 shows emission and absorption spectra of the corre- 
sponding OEPGdOH and TPPGdOH. It is noted that S2 emission 
is observed for TPPGdOH but not for OEPGdOH. T, emission 
is strong enough in the gadolinium porphyrins that phosphores- 
cence can be detected even at  room temperature. The yields and 
lifetimes of OEPGdOH and TPPGdOH in methanol at  room 
temperature were determined as 1 X 70 ps and 1 X lov3, 
34 pus, respectively. When the solutions were frozen, however, the 
lifetimes increased (OEPGdOH 130 ps; TPPGdOH 83 p s  in 
methanol/ethanol (7:3 v/v) a t  77 K). On the other hand, por- 
phyrin TI emissions have never been detected for Er complexes. 
In TPPErOH, TPPEr(dpm), and OEPErOH, there are no sizable 
differences in quantum yields and lifetimes of S1 emission. An 
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Figure 4. TI, SI, and S2 emission (---) and absorption (-) spectra of 
OEPGdOH (a) and TPPGdOH (b). TI and SI emission spectra are 
those observed for rigid glasses of methanol/ethanol (7:3 v/v) at 77 K. 
The S2 emission and the absorption spectra are of methanol solutions at 
room temperature. The asterisks indicate phosphorescence. 

enhanced rate of intersystem crossing, which arises from para- 
magnetic perturbation by the Er(II1) ion, reduces the yields and 
lifetimes of the S1 emission. In contrast with enhanced intersystem 
crossing, which yields strong phosphorescence in gadolinium 
porphyrins, intersystem crossing in erbium porphyrins results in 
fast relaxation to the low-lying (f,P) excited states and, as a result, 
TI emission is totally quenched. So far, however, it has not been 
possible to detect near-IR emission from erbium porphyrins. In 
the case of ytterbium(II1) porphyrins, near-IR emission from the 
2F5/2 state of Yb(II1) ion, which is lower than porphyrin T1 state, 
has been o b s e r ~ e d . ~ ~ J ~ - ~ ~  

Excitation in the B band of TPPEr(dpm) in methanol/ethanol 
(7:3 v/v) a t  77 K yields four emission peaks in the S1 region 
(Figure 5 ) .  By monitoring each of the four emission peaks, 
excitation spectra in the Soret region were measured. Two dif- 
ferent excitation spectra were obtained for each pair of peaks. This 
indicates two different species, I and 11, present in the medium. 
In fact, excitation in the two maxima of the excitation spectrum 
which correspond to the Soret peaks of the two species results in 
two different S1 emission spectra. Excitation spectra in the Q band 
region are also in a mirror-image relationship to the respective 
SI emission spectra of two different species. 

Our interpretation is that, in the glassy medium at 77 K, 
TPPEr(dpm) is present in two conformations. The spectral change 
observed upon freezing is reversible. At room temperature, a 
spectrum close to that of TPPErOH is revived. However, TPP- 
ErOH itself does not show any spectral splitting upon freezing 
of the medium. The Q and B bands observed in the excitation 
s p t r u m  of the species we label I1 are more red-shifted than those 
of species I. It is noted that the Qo,o band of species I1 is much 
more intense than that of species I. 

Figure 5 summarizes the four-peak emission spectra, two 
different excitation spectra observed by monitoring each pair of 
the four peaks, and the emission spectra measured upon excitation 
in the maxima of the excitation spectra of the two presumed 
conformers I and 11. 

The metal ion of TPPEr(dpm) in conformation I1 is shifted out 
of the porphyrin plane, 88 suggested by an increase in the intensity 
of Qo,o band and a comparable red shift of the Q and B bands, 
while that of conformation I is in the plane, Le., similar to 
TPPErOH in methanol/ethanol. The 8poctrsl differ8nw batwan 
the species I and I1 might be attributed to a difference in the 

(2s) Tnlrko, M. P.; Stslmrkh, G, F.; Pyrtooln, V. E.; SO~OV~OV, K. N.; 
Kachura, T. F. Chcm. Phyr. LIrf. 1900, 73, 80. 
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Figure 5. The four-peak emission spectrum (a) obtained upon excitation 
in the B band of TPPEr(dpm) in methanol/ethanol (7:3 V/V) at 77 K. 
The excitation spectra (-) in (b) were obtained by monitoring in one 
of the emission peaks (I) and the emission spectra (---) were taken by 
excitation at each of the excitation maxima. The spectra in (c) were 
measured by monitoring at peaks I1 and by excitation at the respective 
excitation maxima. 

exciton coupling of coordinated dpm and the porphyrin moiety. 
However, exciton coupling yields a greater shift only in the B band 
but no sizable shift in the Q $band.13.26 Thus a comparable red 
shift of the Q and B bands observed in conformer I1 should be 
ascribed to an out-of-plane shift of the central metal ion. These 
assignments for the two conformers of TPPEr(dpm) are also 
consistent with other metalloporphyrin data. Upon axial ligation 
by pyridine, which gives rise to an out-of-plane shift of the central 
metal ion,*' TPPZn shows a simultaneous red shift of the Q and 
B bands and an enhancement of the Qo,o band.28 NMR shifts 
observed with other rare-earth analogues, TTPEu(acac) (TTP, 
5,10,15,20-tetratolylporphin; acac, 2,4-pentanedione) and 
TTPYb(dpm), indicate that the central metal ions are significantly 
out of the porphyrin plane.29 

Excitation spectra of the S2 emission of TPPEr(dpm) reveal 
that conformer I exhibits S2 emission while conformer I1 does not. 
A weak Qo,o band of the conformer I implies that the energy 
surfaces of the Q and B states are parallel and only slightly shifted. 
It follows that S2 --+ S1 internal conversion is retarded and the 
S2 state emits fluorescence in conformer I. On the other hand, 
an out-of-plane shift of the metal ion in conformer I1 results in 
quenching of the S2 emission. The displacement of the metal ion 
yields a difference in shift between the S1 and S2 surfaces from 
the ground-state surface. This enhances not only the crossing of 
S1 and S2 states but also the Franck-Condon overlap of the Qo,o 

(26) Gouterman, M.; Holten, D.; Lieberman, E. Chem. Phys. 1977, 25, 
139. 

(27) Collins, D. M.; Hoard, J. L. J.  Am. Chem. Soc. 1970, 92, 3761. 
(28) The Qoo and B bands in benzene and in 1% pyridine/benzene are at 

588,423 and 662,428 nm, respectively, and the ratios of the intensities of Qop 
and Qol bands in benzene and in 1% pyridine/benzene are 0.16 and 0.46, 
respectively. 

(29) Horrocks, W. Dew., Jr.; Wong, C. P. J.  Am. Chem. SOC. 1976,98, 
7157. 
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Figure 6. Emission from the upper excited states of TPPEr(dpm). When 
the '(*,a*) band of coordinated dpm was irradiated around 300 nm, 
emission spectra a and b were observed. In (b), the porphyrin S2 emission 
was excluded by a chopper ( - 5 0 0  Hz) interposed in the detection beam. 

band. A reduction of spin-orbit coupling in the metal ion being 
shifted out of porphyrin plane may vary the rate of intersystem 
crossing.30 However, there is no triplet manifold near the Sz state 
and thus intersystem crossing cannot play an important part in 
the decay of S2 state. 

In OEPErOH with an intense Qo,o band, S2 -- SI internal 
conversion is accelerated and as a result no S2 emission is observed. 
It should be noted that the enhancement of the Qo,o intensity in 
this particular case is attributed to the peripheral electron-donating 
substituents. 

TPPEr(dpm) emits not only porphyrin Sz fluorescence but also 
dpm phosphorescence upon excitation around 300 nm. The ex- 
citation spectrum of porphyrip S1 emission of TPPEr(dpm) ex- 
hibits an ultraviolet band of dpm a t  300 nm which is absent in 
TPPErOH. However, the dpm band in the excitation spectrum 
is a somewhat weaker than the band detected by absorption 
measurements. This indicates that all the energy absorbed by the 
coordinated dpm is not necessarily transferred to the S, and/or 
S2 states of the porphyrin moiety. A fast relaxation within @- 
diketone accelerated by paramagnetic perturbation of Er(II1) ion 
yields a rather high population in the lowest dpm TI state which 
is slightly higher than porphyrin Sz state. This gives rise to dpm 
phosphorescence. 

Figure 6 presents emission spectra which are observed upon 
excitation in the '(x,?r*) band of coordinated @-diketone around 
300 nm. TPPEr(dpm) emits not only from the porphyrin S2 state 
but also from the @-diketone TI state. Emission spectrum (a) in 
Figure 6 is attributable to a superposition of porphyrin Sz 
fluorescence, @-diketone phosphorescence, and also intense Soret 
reabsorption. Figure 6 also shows phosphorescence of Er(dpm)3 
which must be very close to that of the @-diketone moiety in 
TPPEr(dpm). The porphyrin Sz emission can be excluded by use 
of a fast (-500 Hz) rotating sector in front of the detector. 
Spectrum b represents phosphorescence of the /3-diketone moiety 
2 ms after excitation which is superposed by intense Soret reab- 
sorption but lacks the porphyrin S2 emission. 

In conclusion, it is noted that TPPErOH and TPPEr(dpm), like 
many other diamagnetic metal TPP complexes,* emit both S1 and 
S2 fluorescence even if a sequence of sublevels of (f,f*) excited 

Wavenumber / 103Cm-' 
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states are present between the porphyrin SI and S2 states and below 
the SI state, while OEPErOH emits only SI fluorescence. 
Quenching of S2 emission in OEPErOH, like other diamagnetic 
metal OEP complexes,2 is attributed to a fast relaxation to the 
SI state. Since the SI and S2 excited states are a 50:50 admixture 
of two common '(a,a*) excited configurations in accidental de- 
generacy, the energy surfaces of the lowest excited singlets are 
almost parallel. These parallel surfaces, however, are displaced 
from the ground-state surface. In fact, the Franck-Condon overlap 
is so small that only a weak Qo,o band is observed in the TPP 
complexes. In the OEP complexes, on the other hand, the pe- 
ripheral substituents partially lift the accidental degeneracy and 
thus yield some difference in shift between the SI and S2 surfaces. 
This makes an increase in the Franck-Condon overlap, which 
intensifies the Qo,o band of OEP complexes, and also allows the 
fast S2 -- SI relaxation. 

TPPEr(dpm) exists in two conformations in methanol/ethanol 
glassy medium at 77 K. Conformer I, with the central metal ion 
in the porphyrin plane, emits S2 fluorescence, while conformer 

11, with the central metal ion displaced out of the porphyrin plane, 
emits no S2 fluorescence. The quenching of S2 emission in con- 
former I1 is attributable to an increase in the interaction of SI 
and S2 states but not to an enhancement of spin-orbit coupling 
in the central metal ion. 

Upon irradiation in an absorption band of coordinated dpm 
around 300 nm, we observe not only phorphyrin S2 emission but 
also coordinated @-diketone TI emission. This implies that the 
rate of interligand energy transfer from the @-diketone SI state 
to the porphyrin S2 state is not as fast as intersystem crossing 
within the P-diketone. Also energy transfer between the @-diketone 
TI and porphyrin S2 states, even if in an accidental degeneracy, 
is rather inhibited. 

Acknowledgment. The authors are grateful to Professor I. 
Tanaka for his continuous interest and encouragement. 

Registry No. TPPErOH, 102941-86-6; TPPEr(dpm), 102941-87-7; 
OEPErOH, 60452-84-8; TPPGdOH, 102941-88-8; OEPGdOH, 60452- 
8 3 - 7 .  

Infrared Spectra of Diacetylene-Hydrogen Fluoride Complexes in Solid Argon 

Kenneth 0. Patten, Jr., and Lester Andrews* 

Department of Chemistry, University of Virginia, Charlottesville, Virginia 22901 
(Received: September 6, 1985: In Final Form: February 10, 1986) 

Diacetylene-hydrogen fluoride complexes and their deuterated counterparts have been characterized in solid argon at 10 
K by infrared spectroscopy. The observation of two new sets of H-F stretching, C-H stretching, and C-H bending absorptions 
indicates that two primary product 1:l complexes were trapped in the matrix. These absorption bands characterize a C4H2--HF 
?r complex and a C4H2- -FH u complex whose relative yields exhibit a deuterium substitution dependence consistent with 
a preference for deuterium in the bonding position. The relative values of the up (H-F stretching) and Y, (H-F librational) 
modes for the diacetylene- -HF and acetylene- -HF a complexes reveal weaker hydrogen bonding in the diacetylene- -HF 
complex. Annealing produced comparable increased yields of both 1 : 1 complexes, suggesting comparable stabilities, and 
a marked increase in a C4H2- -(HF), complex. 

Introduction tvlenes'O have been studied in matrix isolation. and rotational 
A variety of techniques have recently been applied to under- 

standing the hydrogen-bonding interaction with *-bonded systems. 
Infrared spectroscopy was first used to observe alkene-HI com- 
plexes in matrix isolation; results of later studies on ethylene-HF 
and acetylene-HF in solid argon indicated T-shaped complexes, 
with the hydrogen halide attached to the ?r bond." Microwave 
spectra of ethyleneHF and acetylene-HF confirmed the T-shaped 
structures deduced from the matrix Analogous com- 
plexes between HF and methyl-substituted ethylenes9 and ace- 
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spectra of propyne-HF suggested that the geometry is slightly 
distorted by the methyl group.Il 

Interest in conjugated a systems as bases followed from ex- 
perimentation with localized a bonds. Molecular beam electric 
resonance spectra of benzene-HF indicated that the average 
structure placed HF on the C, axis perpendicular to the benzene 
ring,I2 and matrix infrared spectra supported this ~tructure. '~ The 
weak hydrogen bonding in the complex and the breadth of the 
potential for the proton apparently favor a complex where H F  
oscillates markedly from this average position. Infrared spectra 
of conjugated diene-HF complexes in solid argon suggested a 
similar oscillation of HF from an average position above the central 
C-C bond.I4 Conjugation of the two a systems also exists in 
diacetylene, so that a similar oscillating structure might be ex- 
pected; however, due to the geometry of this molecule, the distance 
separating the two a bonds is greater than for conjugated dienes 
and a greater barrier may exist between the potential minima. 
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