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Abstract: The fluorescence properties of two saturated diamines, JV.iV.iV'.JV'-tetramethylethylenediamine (TMED) and 
A',Af,A'',/V'-tetramethyl-l,3-propanediamine (TMPD), are compared with another diamine, yV,/V'-dimethylpiperazine 
(NNDMP), and a monoamine, trimethylamine (TMA). It is concluded that for the diamines studied, the lowest excited 
state is characterized by an interaction between the two nitrogen centers. The absorption spectra and the ionization potential 
values of the diamines are very similar to the respective properties of TMA. The fluorescence maxima of the diamines, how
ever, are red shifted relative to monoamines, and, more significantly, the radiative rate constants for the diamines, &R, are all 
considerably smaller than that for TMA. These data are interpreted in terms of these diamines as having lowest excited 
states which are excimeric nature; i.e., these states are not directly reachable via a radiative transition from the ground 
state(s). For TMED, the pressure dependence of 0f and the decay curves have been analyzed from ca. 0.05 Torr to ca. 12 
Torr. From these data, eight rate constants have been elucidated which characterize the dynamic properties of the excited 
state. It was found that the radiative rate constant of the relaxed (excimeric) state was pressure dependent, having a pressure 
coefficient of ca. 2.4 X 109 (M - 1 sec-1). The vapor phase fluorescence spectrum of TMPD is very sensitive to excitation 
wavelength; two distinct emission bands can be observed. One band at 290 nm is assigned as monomer fluorescence, and the 
other at 365 nm is interpreted as the excimer emission spectrum. In a condensed medium, the ratio of the excimer-monomer 
intensities exhibits the usual temperature dependence. The binding energy of the TMPD intramolecular excimer is ca. 2.7 
kcal/mol. 

In a previous paper, the photophysical properties of the 
symmetrically bifunctional amine, TV.jV'-dimethylpiperaz-
ine (NNDMP), were examined and compared with those of 
several monoamines.3 On the basis of the spectral properties 
of this diamine, as well as the value of its radiative rate con
stant, it was concluded that the nonbonding orbitals cen
tered on the nitrogen atoms became coupled in the excited 
(singlet) state. This paper is one of a series dealing with the 
symmetrical cage amines l-azabicyclo[2.2.2]octane 
(ABCO), l,4-diazabicyclo[2.2.2]octane (DABCO), and 
structurally analogous compounds. This work reports the 
results of a further investigation of the photophysical prop
erties of two related diamines; 7V,/V,iV',./V'-tetramethylethy-
lenediamine (TMED) and TV.TV.TV'.N'-tetramethyl-l^-pro-
panediamine (TMPD). Both N N D M P and TMED bear a 

NNDMP T M E D T M P D 

formal resemblance to the rigid bicyclic cage amine 1,4-di-
azabicyclo[2.2.2]octane (DABCO), in which one (two) of 
the ethylene bridges is (are), respectively, opened. In 
DABCO, the fixed orientation of the two nitrogen atoms re
sults in ground state interaction4-6 with the consequent ab
sorptive7 and emissive8 spectroscopic characteristics. 

Spectroscopic Properties 

The vapor phase absorption spectra of TMED and 
TMPD, like NNDMP, resemble that of a monofunctional 
amine, e.g., trimethylamine (TMA). For example, the emax 

values are very similar. Furthermore, emax values of TMED 
(7540 M - 1 cm"1) and TMPD (6470 A/ - 1 cm - 1 ) are 
roughly twice that of TMA (3460 A/ - 1 cm"1) , It should be 
realized that in the nonrigid tertiary amines, the absorption 
band (which is structureless) at ca. 195-200 nm corre
sponds to the S2 *- So transition. TMA is the only amine in 
this class for which the Si «— So transition is discernible, 
having a shoulder at ca. 227 nm. At this wavelength, anoth

er quantitative comparison can be made, t (227 nm) for 
TMED and TMA is respectively 2150 and 910 M~] cm - 1 , 
again in a ratio of about 2:1. These spectroscopic data are 
summarized in Table I. 

Photoelectron spectroscopic data of TMED 9 provide an
other basis of comparison with other amines. The vertical 
ionization potential (IP) of 8.34 eV is close to the IP's of 
both NNDMP 3 and TMA:10 8.41 and 8.5 eV, respectively. 
These data as well as the optical spectroscopic data imply 
that in the diamines TMED and NNDMP, the nonbonding 
orbitals are unsplit by any ground state coupling.1' It seems 
therefore a good approximation to view these two diamines 
as noninteracting bonded dimers of TMA. The IP values for 
these amines are also contained in Table I. 

The emission properties of TMA, TMED, TMPD, and 
NNDMP, on the other hand, are rather dissimilar. The flu
orescence spectra of TMED and N N D M P maximize at 304 
and 313 nm, respectively, while Xmax for TMA is at 287 nm. 
Xmax for TMPD is 365 nm. The fluorescence properties of 
TMPD will be discussed below. More striking differences 
are encountered in the comparison of the radiative rate con
stants (&R) of these amines. The &R values are contained in 
Table I along with the zero-pressure lifetime and (absolute) 
quantum yield values. Whereas A:R for TMA (2.1 X 107 

sec - 1) is typical for a monoamine, the £ R values for the di
amines are significantly smaller (although &R for TMED is 
about ten times greater than that for NNDMP). The wide 
difference in the &R values of these diamines will be dis
cussed below. Figures 1 and 2 respectively show the absorp
tion and emission spectra of TMED and TMPD (vapor) at 
ambient temperature. 

The diamines also differ from TMA with respect to their 
fluorescence decay characteristics. TMA fluorescence fol
lows simple (first-order) decay kinetics at all pressures 
above 1 Torr (for \exc > ca. 230 nm). On the other hand, 
the fluorescence decay properties of N N D M P are rather 
complicated (see ref 3). TMED is also characterized by 
nonexponential decay kinetics at all pressures examined 
(0.3-15.5 Torr) and at all exciting wavelengths used (up to 
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Table I. Summary of Spectroscopic and Fluorescence Data of Amines 

Amine ,M- IP, eV 
\.max(fluor) 

nm Tp -» oa (nsec) 0P -• oa 
^R, 0 sec" 

TMA 
TMED 
NNDMP 
TMPD 

198 
195 
205 
202 

3460 
7540 
6800 
6470 

8.5 
8.34 
8.41 

287 
304 
313 
365 

45 
71 

770 
42 

1.0 
0.23^ 
0.23 
0.1If 

2.1 X 107 

3.2 X 106 

3.2 X 10s 

2.6 X 106 

"Values refer to the vibrationally relaxed lowest excited state. ^Calculated from ^R 1 / (^R 1 + ̂ NRi). see Figure 6. "-'Obtained from a 0f 
measured at 5.0 Ton; <pp _> 0 calculated by extrapolation using ^Q= 8.5 XlO9 Af-1 sec-1. 
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Figure 1. Vapor phase absorption and (corrected) emission spectra of 
3.0Torrof TMED in the presence of 100 Torr of n-hexane; X„c = 265 
nm. 
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Figure 2. Vapor phase absorption and (uncorrected) emission spectra 
of 5.0 Torr of TMPD in the presence of 100 Torr of n-hexane; Xexc = 
238 nm. 

265 nm). The decay curve for TMED at 5.0 Torr with \ c x c 

of 265 nm is depicted in Figure 3. This decay curve can be 
represented by the following equation 

I{(t) cc 0.70 exp(-</8.4) + 0.30 exp(-(/51.0) 

where t is nanoseconds. All of the TMED decay curves are 
analyzed in terms of two exponential components. For fut
ure reference, rs and T\ refer respectively to the short- and 
long-lived emission components. A plot of \/T\ VS. TMED 
pressure, shown in Figure 4, is linear and provides values of 
the zero-pressure lifetime and the self-quenching constant 
(vide infra). At a given TMED pressure, the value of the 
long-lived component was independent of excitation wave
length (230 < Xexc < 265 nm). However, as Xexc was de
creased, the amplitude of the short-lived component in
creased. This was accompanied by a strong decrease in the 
value of T5. 

1000 

60 80 
CH ff 

Figure 3. Fluorescence decay curve of TMED vapor (5.0 Torr). The 
exciting wavelength is 265 nm (1.6 nm bandpass), and the channel 
width is 1.29 nsec. Open circles correspond to the flash lamp profile. 
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Figure 4. Plot of the reciprocal of the long-lived component (TI) vs. 
TMED pressure. Closed circles refer to Xcxc of 265 nm; open circles 
refer to Xexc of 250 nm. 

The value of TI, as well as its relative amplitude, was ex
amined at several pressures between 3 and 6 Torr of 
TMED, and with Xexc = 265 nm. It is over this pressure 
range that these decay parameters could be most accurately 
obtained. The pressure dependence of the short-lived com
ponent implies that collisions between excited state and 
ground state TMED molecules are extremely efficient in 
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Figure S. Plot of the absolute emission quantum yield vs. TMED pres
sure. The points refer to the experimental data, and the line is comput
ed from the $(A) expression given in the text. The rate constants used 
are contained in Table II. 

depopulating the state from which the short-lived fluores
cence emanates. This will be discussed below. 

Unlike NNDMP, 3 the fluorescence spectrum of TMED 
is invarient with excitation wavelength (238 < XeXc < 265 
nm). However, after irradiation at 238 nm12 for several 
minutes, the fluorescence spectrum changed, becoming that 
produced by a photoproduct. This fluorescent product was 
readily identified as TMA through its characteristic fluo
rescence spectrum.13 '14 After about 20 min of irradiation at 
238 nm, the dominant emission spectrum observed was that 
due to TMA. No attempt was made to analyze the other 
photoproduct(s). Presumably the TMA is formed subse
quent to the homolytic dissociation of the C-C bond in 
TMED. No TMA emission was produced if the TMED was 
irradiated at 265 nm for an appropriate time period such 
that the same amount of light was absorbed relative to 238 
nm excitation.15 This observation suggests that there is a 
rather strong energy dependence to the photodissociation 
process, and it is consistent with this that the fluorescence 
quantum yield was found to decrease very sharply between 
265 and 238 nm. For example, at 5 Torr TMED pressure, 
fa decreases by a factor of ca. 30 between XeXc of 265 and 
238 nm. 

Quantum Yield Measurements 

In order to avoid the complication due to photoproduct 
formation, quantum yield experiments were carried out at 
265 nm (about 37.8 kcm - 1 ) . It can be seen in Figure 1 that 
this frequency lies at the extreme low-energy end of the 
TMED absorption system (at this position « = 21.2 M~] 

c m - 1 ) . The relative quantum yield of TMED emission was 
measured as a function of pressure over the range of 0.1 
Torr to ca. 12 Torr. Inner filter effects were neglected be
cause at the maximum pressure reached, the optical density 
is only 0.0136. The absolute quantum yield was then ob
tained by comparisons with TMA vapor at several pressures 
(see Experimental Section). The TMA was corrected for 
self quenching.3'16 

The pressure dependence of fa ' s shown in Figure 5. 
Qualitatively, the increase in fa at low pressures (up to ca. 4 
Torr) can be explained in terms of vibrational relaxation 
and fluorescence enhancement. After reaching a plateau at 
ca. 4 Torr, however, fa remains nearly constant up to about 
12 Torr despite the fact that the amine undergoes self 
quenching (vide supra). Model calculations indicate that 
even with fluorescence enhancement (via vibrational relaxa
tion), fa, should start to decrease at higher pressure. The 
failure to observe the decrease in fa implies that (1) vibra-

So" 
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Figure 6. Schematic state diagram for TMED. 

tional relaxation is relatively inefficient or that (2) there is 
a pressure dependence to kp_. The former possibility is dis
counted on the basis of the available kinetic (decay curve) 
data, and therefore the second possibility will be taken as a 
working hypothesis. Thus &R for (vibrationally relaxed) 
TMED is expressed as follows 

kn = kM + kQR[A] 

where A:RI is the radiative rate constant at zero pressure, 
/VQR is the (bimolecular) radiative "quenching" rate con
stant, and [A] is the concentration of the amine vapor (in 
M). Using the above expression for /CR, and incorporating 
the rate constants obtained from transient measurements, 
an attempt was made to calculate fa as a function of pres
sure, and to fit the data depicted in Figure 5. 

By including &QR in the expression of 0f[A], the experi
mental data could be reasonably well accounted for at pres
sures above about 5 Torr. Below 5 Torr, however, it was 
necessary to include additional rate constants and thus to 
modify the photophysical mechanism. The basic scheme 
from which the fa[\] expression was derived is one contain
ing two emissive states which are coupled via (biomolecu-
lar) vibrational relaxation. A schematic state diagram 
which represents the TMED system is portrayed in Figure 
5, and the kinetic mechanism which pertains to this scheme 
is in Scheme I. 

Scheme I 
\ = 2S5nm 

S 0 *• S< 

Si* - S , 

-»• S0 + hvs 

ba» 

*!>„ 
- s, 

S1* 

h v [ 

— S0 - hvt 
•S o 

The rate constants employed in Scheme I are defined in 
Table II. Referring to Figure 6, S0 denotes the TMED 
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Table II. Definition and Values of Rate Constants 

Rate 
constant Definition*2 Value 

3.5 X 106 sec-

ueiimuon" 

/<R2 Radiative rate constant of 
unrelaxed state (S,*>v) 

^NR.2 Nonradiative rate constant 6.85 X 107 sec 
ofS,*>v 

/CQ2 Quenching constant of 2.15 X 10' 
<; *,v 

1.2, X 10" M-' sec 
S,*'v 

^V Vibrational relaxation 
constant of S,*>v 

Radiative rate constant of 3.2 X 106 sec 
r o l n v o r l c t i t a Cv ^ ^ 

1 M - 1 sec-

constant OI a, ' 
Radiative rate consta 

relaxed state (S1*) 
Nonradiative i 

nf s * 

/CR1 nauiauve rate consiani Oi 
relaxed state (S1*) 

[onradiative rate constant 1.O9 X 107 sec" 

1010 M-1 sec" 

^NR, 
OfS1* 

Quenching constant 
S * 

^Q 

^QR 

Quenching constant of 
S1* 

Pressure coefficient of 

*Ri 

3 See Figure 

^R: 

6. 

1.O9 X 

1-7, X 

2.4 X 1 .O9 AT1 sec-

ground state , S i * * refers to the lowest excited singlet s ta te 
reached via absorpt ion, S]*- v is the initially formed (vibra
t i o n a l ^ excited) emissive s tate , and S i * corresponds to the 
vibrational relaxed emissive s tate . 

The following impor tan t aspects of the proposed mecha
nism should be emphasized: (1) S i * * is nonemissive; (2) 
S i * * very rapidly ( < 1 0 - 9 sec) converts to a lower lying, 
emissive excited state; and (3) two sublevels of S i * a re fluo
rescent ( the vibrationally excited and relaxed s ta tes) . T h e 
basic exper imental justifications for these assumpt ions are 
respectively: (1) exponential decay is observed if a sufficient 
overpressure of a buffer gas (n-hexane) is present and the 
fluorescence spect rum is independent of exciting wave
length (ignoring photochemical complicat ions) ; (2) A:R 
values of the fluorescing states are very similar, yet both a re 
much smaller than £ R for a monoamine ; (3) the pressure 
dependencies of both fa and the decay curves are adequa te 
ly accounted for in te rms of only two emit t ing species. 

From the mechanism described above, the following ex
pression for <t>[A] is readily derived. 

0,[Al ^ R 2 

*R2 + kNR2 + fcQ2[A] + ky[A] 

fry [A] \ 

U R 2 + ^NR + kQ2{A\ + ky[A\/ 2 "f >?Q2 

^Ri + ^ Q R [ A ] 

^Rt + ^NRl + ^Ql[Al + kQR[A] 

<t>f[A] was computed for various sets of ra te constants and 
compared with the exper imental da ta . Cer ta in ra te con
s tants were found to have appreciable influence over specif
ic regions of the fa[A] plot. For example , &QR was adjusted 
until the high-pressure portion of the plot was satisfactory. 
The exclusion of /CQR resulted in a sharp decrease in the 
theoret ical values of fa in contradist inct ion to the t rend ob
served in the exper imental points. 

At the low-pressure end of the plot (below 4 Tor r ) , other 
ra te constants greatly influenced the shape of the theoret i
cal 0 [ A ] plot (especially A:Q2, k\, and /CR2). The solid line 
indicated in Figure 5 represents the best (empirical) fit to 
the exper imental values of fa. 

As a result of both kinetic (fluorescence decay) measure
ments and zero-pressure-l imiting steady state ( q u a n t u m 
yield) determinat ions , certain quant i ta t ive constraints a re 
imposed upon various ra te constants . These constraints are 
summar ized in Table III along with their respective origins. 

Table III. Summary of Constraints Imposed on 
Various Rate Constants 

Constraint Source 

^Ri + ^NRi = 1-41 X 107 sec -1 Intercept of 1/TS1OW vs. 
pressure plot 

^Q + ^QR = 2-° x !O10 M~l s e c ~ ' S1°P o f a b o v e P l o t 

ky + kQ2 = 3.4 X 1 0 " M - 1 sec - 1 Pressure dependence of fast 
emission component 

(*R,/fcRj)fcv = *-5 x 1 0 " M~l s e c ~ ' R a t i o o f amplitudes of slow 
and fast emission com
ponents 

/(R2 + ^NR2 = 7.5 X 107 sec - 1 Zero pressure fa and Tf 
values 

/CR2 = 3.5 X 106 sec"1 As above 
^NRj = 7.1 X 107 sec -1 As above 

T h e values of the various ra te constants finally adopted a re 
listed in Tab le II, and it can be seen that they satisfy the re
qui rements of the constraints within exper imental error. 

It can be seen from the da ta in Table II tha t the total 
cross section of S |* ' v with respect to deactivation, i.e., &Q2 
4- k\, is ra ther large (3.4 X 1 0 " M~x s e c - 1 ) . This implies 
tha t this s ta te is spacially extensive and also considerably 
reactive with respect to self quenching. Assuming tha t 3.4 
X 1 0 " M~] s e c - 1 represents the collision frequency of 
S |* ' v vis a vis So, then vibrational relaxation takes place 
with roughly 30% efficiency. 

One of the most unusual results to emerge from this 
s tudy is the pressure dependence of /CR. This type of behav
ior ( toward «-hexane as a buffer gas) has been noted before 
for other sa tura ted amines , 3 , l 7 ' 1 8 and thus, it appears that 
this k R dependence may be a ra ther general character is t ic 
of these systems. The excited s ta te of the sa tura ted amines 
(i.e., Rydberg type) , being spacially extensive, would be ex
pected to be quite sensitive to collisions with other mole
cules.7-1 9 It thus appears that the transit ion moment (e.g., 
the Einstein A coefficient) is augmented as a result of bi-
molecular interact ions. 

Ano the r central outcome of this investigation is the 
suggestion that emission in T M E D takes place from a lower 
lying excited s ta te which is not directly reachable via radia
tive transit ions from the ground state . It was mentioned 
above tha t a similar hypothesis was suggested in the case of 
N N D M P . 3 An interesting, but equivalent, in terpreta t ion of 
the basic photophysical model can be sustained (refer to 
Figure 6) . The excited s ta te coupling between the two nitro
gen a toms in T M E D and N N D M P can be thought of as 
arising through the same type of excited s t a t e -g round s ta te 
interact ion such as in excimers. T M E D and N N D M P 
would, then, correspond to intra molecular excimer systems. 
A more definitive assignment of the fluorescing states of 
these amines as in t ramolecular excimers would, however, 
require the elucidation of the usual kinetic and thermody
namic paramete rs of the monomer -exc imer scheme. 2 0 ' 2 1 In 
T M E D , the presumption tha t the (monomer -exc imer ) for
mat ion ra te constant is very large (vide supra) precludes 
carrying out time-resolved studies of the monomer decay. In 
N N D M P , where dual luminescence is observed, kinetic 
studies of the monomer -exc imer system could perhaps be 
pursued; presumably in this case also, the (first-order) for
mat ion ra te constant is large. 

It is interesting to consider what the configuration might 
be of the "coupled" excited state (S i*) of T M E D (i.e., the 
excimer s ta te) . Presumably , the molecule adopts a confor
mat ion which allows some d e r e a l i z a t i o n of the excitation 
energy to occur over the N - C - C - N atoms. One possible 
s t ruc ture would be with the N - C - C - N dihedral angle close 
to 0° and with both of the methyl groups oriented away 
from each other. The destabil ization which would result 
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Table IV. Excimer/Momorner Intensity Ratio (R) for TMPD in 
Various Saturated Hydrocarbon Solvents0 

Solvent 

rc-Hexane 
Cyclohexane 
Hexadecane 
Decalin 
Vapor phase6 

T), CP 

0.298 
0.895 
3.086 

R 

19.4 
17.0 
14.2 
10.5 
8.25 

"The TMPD concentration is 1 X 10"3 M, and \ e x c is 238 nm. 
6TMPD pressure is 5.0 Torr and ca. 150 Torr of n-hexane vapor is 
added. 

from the eclipsing of the various C-H and iV-methyl bonds 
would, presumably, be offset by the binding energy of the 
coupled state. 

It should be noted that in the case of the intermolecular 
amine excimer, the arrangement of the two amine mole
cules appears to be in the head-to-head approach, i.e., with 
the nonbonding orbitals of the two nitrogen atoms facing 
each other.22 The structure proposed for TMED is analo
gous to this situation. One could rationalize the presump
tion that the (excimer) formation rate constant is very large 
because the structure suggested above is achieved by the 
rotation of the C-C and the C-N bonds. For such a process, 
a rate constant of >109 is not unreasonable. 

The fluorescence properties of TMPD will now be dis
cussed. Since the vapor pressure of TMPD at 23° is about 5 
Torr, extensive studies of the pressure dependence of the 
lifetime and quantum yield cannot be carried out. The lim
iting values of Tf and <pf at very low pressures (ca. 0.05 
Torr) were determined and these data are contained in 
Table I. In TMPD, the disposition of the two amine mono
mers is such that intramolecular excimer formation (and 
stabilization) is rather dramatic as compared with 
N N D M P or TMED. 

Like TMED and NNDMP, TMPD's absorption spec
trum is quantitatively similar to that of a (double) mono
amine. On the other hand, the fluorescence spectral and 
decay characteristics are unique. The vapor phase absorp
tion and fluorescence spectra, shown in Figure 2, illustrate 
this point. Xmax (fluorescence), which is at 365 nm, is con
siderably lower in energy relative to a monoamine such as 
triethylamine (Xmax = 282 nm). The TMPD emission spec
trum is also unusual in that it reveals a distinct shoulder at 
ca. 290 nm. This short wavelength component is not ob
served in the spectra of the diamines TMED and NNDMP. 
The 290-nm band is also evident in the fluorescence spectra 
of TMPD in various saturated hydrocarbon solvents. In the 
condensed phase, however, the ratio of the intensities 
[X(365)/X(290)], R, decreases as the solvent viscosity in
creases (e.g., from n-hexane to (cis and trans) decalin). In 
all cases, R when measured in a condensed medium is con
siderably larger than in the vapor phase (vide infra). These 
results are summarized in Table IV. 

In the vapor phase, R is very sensitive to the excitation 
wavelength (if the total pressure of the system is low 
enough, e.g., <10 Torr). As Xexc is decreased, R strongly 
decreases. For example, when Xexc = 265 nm, the TMPD 
spectrum is predominantly characterized by the 365 nm 
band, whereas for Xexc = 228 nm, it is the 290 nm band 
which is almost exclusively observed. At intermediate exci
tation wavelengths, the emission spectrum is a composite of 
the 290 and 365 nm systems. Table V contains values of R 
corresponding to various excitation wavelengths. The fluo
rescence spectrum of TMPD is independent of excitation 
wavelength if a sufficient overpressure of a buffer gas is 
added. Under such conditions (e.g., 150 Torr of/j-hexane), 
the 290 nm band is still observed, but the R value is much 
larger than the case without the buffer gas present (see 

Figure 7. Plot of In R vs. \/T for 1 X IO"3 M solutions of TMPD in 
(cis and trans) decalin (left) and in methylcyclohexane-2-methylbu-
tane(9:l) (right). 

Table V. R Values for TMPD Vapor (5.0 Torr) at Different 
Excitation Wavelengths 

\ e x c , nm R 

228 0.13 
238 0.324 

\ e x c , nm R 

249 1.03 
265 3.72 

Table IV).23 The response of the fluorescence spectrum to 
the addition of a buffer gas (i.e., the Xexc independence) 
confirms the fact that the 290 nm (or the 365 nm) emission 
band is not due to an impurity. 

The 290 nm band is assigned as the emission from the ex
cited monomer (i.e., the initially formed or uncoupled 
state), and the broad 365 nm band is interpreted as the 
emission from the TMPD intramolecular excimer (i.e., the 
coupled state). The essential difference between TMPD and 
TMED and N N D M P is that for the latter two diamines, 
emission from the excited monomer is not definitively ob
served. This is presumed to be the consequence of very large 
excimer-formation rate constants (&DM) in these amines. In 
other words, /COM in TMPD is, for various reasons, small 
enough to allow for the radiative relaxation of the excited 
monomer with a suitably high probability.24 

The temperature dependence of the emission spectrum 
(i.e., the variation of R with temperature) is consistent with 
the interpretation of intramolecular excimer formation in 
TMPD. The temperature dependence of/? was examined in 
two different experiments: (1) using (cis and trans) decalin 
as the solvent, R was measured between 25 and ca. 100°; 
and (2) using methylcyclohexane (with ca. 10% v/v of 2-
methylbutane) as the solvent medium, R was measured 
from ca. —100 to 25°. The TMPD concentration was 1 X 
10 - 3 M. These results are displayed in Figure 7, in which In 
R is plotted vs. 1/7. In the low-temperature region (i.e., 
below ca. —25°), the slope of In R is negative, whereas in 
the high-temperature region (i.e., above ca. —10°), the 
slope is positive. These data imply that at low temperature, 
the excimer-monomer ratio is determined by the activation 
energy pertaining to excimer formation [WOM)- At high 
temperatures, on the other hand, it is the difference in the 
activation energies of excimer dissociation and formation 
( W M D — WDM) which governs the excimer-monomer emis
sion intensity ratio.25 Thus, the limiting high- and low-tem
perature slopes are (WMD ~ WDM) and — WDM, respective
ly. These activation parameters, obtained from the data 
shown in Figure 2, are: WOM X 2.3 kcal/mol, and (WMD — 
WDM) * 2.7 kcal/mol. The value of W^M would, presum
ably, correlate with the trimethylene chain rotational bar
rier involved in excimer formation. Chandross and Dempst
er26 have measured WDM for the l,3-bis(o:-naphthyl)pro-
pane intramolecular excimer in a methylcyclohexane-2-
methylbutane mixed solvent (9:1). Their value of 3.3 kcal/ 
mol, which is larger than WDM for the TMPD system, 
probably is a consequence of the fact that the a-naphthyl 
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moiety is bulkier than the dimethylamino group. Apparent
ly, H7DM is not exclusively governed by the intramolecular 
rotational barriers associated with the trimethylene linkage. 
The solvent medium has been shown to play a role in deter
mining certain activation parameters in the l,3-bis(a-na-
phthyl)propane intramolecular excimer by El-Bayoumi et 
al.27 

The binding energy of the TMED excimer is equal to the 
activation energy difference (H 'MD — " ' D M ) , which is about 
2.7 kcal/mol.28 The fact that the TMPD emission spectrum 
is predominantly that of the excimer at room temperature 
(see Figure 2 and Table IV), despite such a low binding en
ergy, is presumably a consequence of the more positive en
tropy of formation for an intramolecular excimer relative to 
the intermolecular case. This has been pointed out in ref 26. 
Kinetically, this would be manifest by either a larger value 
of koM and/or a smaller value of &MD- Recently, El-Bay
oumi et al.,27 in studying the l,3-bis(a-naphthyl)propane 
intramolecular excimer, have proposed that it is the disso
ciation rate constant (&MD) which is retarded (relative to 
the naphthylene intermolecular excimer), resulting in a 
larger "equilibrium constant". Detailed kinetic and thermo
dynamic studies of TMPD and related diamines are in 
progress and the results will be reported in a forthcoming 
publication. 

Experimental Section 

TMED and TMPD, procured from Aldrich Chemical Co., were 
distilled in vacuo over CaEh and subsequently stored in the ab
sence of oxygen. Purity was confirmed via GLC. Pressure mea
surements were carried out using a Baratron (MKS Instruments) 
with a Model 77 Pressure Head. Fluorescence spectra were ob
tained with a conventional dc fluorimeter described elsewhere.17 

Fluorescence decay measurements were made using the time-cor
related single photon technique.29-30 In certain cases, decay curves 
were convoluted with the exciting flashlamp profile according to a 
two component exponential decay model and then compared with 
the data to ensure parameter validity. Acquisition times were 2-10 
hr. Calculations of the pressure dependence of fa were performed 
on a CDC-Cyber 72 computer and the results were displayed on an 
X-Y plotter (Time Share Peripherals Corp.) which was interfaced 
with the teletype. 

The absolute quantum yields of TMED and TMPD were estab
lished using as the absolute standard the zero-pressure extrapolat
ed value of fa for TMA of 1.0 with Xexc = 265 nm3. The results of 
four determinations of fa, obtained with different pressures of both 
TMA and TMED, were averaged. The TMED pressures always 
exceeded 5 Torr, and the TMA fluorescence intensities were cor
rected for self quenching.3 Because of the low optical densities of 
these amines at 265 nm (over the pressures ranges used), inner fil
ter effects were neglected. e(265 nm) values are: 6.78 and 21.2 
A/ - ' cm -1 for TMA and TMED, respectively, fa for TMPD was 
obtained by direct comparisons of the fluorescence intensity (at 5 
Torr) with TMED. 

The pressure dependence of fa for TMED and TMPD was de
termined (Xexc = 265 nm) by monitoring the fluorescence intensity 
(at 303 nm for TMED and 365 nm for TMPD) while the pressure 
of the amine was changed. For these measurements, the fluores
cence cell was directly coupled to the vacuum system and pressure-
reading apparatus. Identical results were obtained if the relative 
fluorescence intensity was derived by integrating the full fluores
cence spectrum. Since inner filter effects were neglected, the rela
tive fluorescence efficiency was obtained from 4>re\ = UjP. where 
It is the intensity and P is the TMED pressure. 
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