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Abstract  

The influence of external magnetic fields on the spin dynamics and recombination reaction yield of radical ion pairs, generated 
by photoinduced electron transfer between pyrenyl and dimethylaniline linked by an oligopeptide bridge, was studied. From 
the size and characteristics of the magnetic field effect (MFE), it can be concluded that hydrogen bonds within short peptide 
chains (here three glycine groups) or with a hydrogen-accepting solvent (acetone) do not seem to affect significantly the chain 
dynamics. 
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1. Introduction 

Intramolecular photoinduced electron transfer (PET) 
reactions, in which electron transfer occurs between 
donor (D) and acceptor (A) sites separated by a synthetic 
peptide or protein fragment, with A or D in the excited 
state, have provided insight into the role of the peptide 
and protein in the control and mediation of through- 
space or through-bond electron transfer [1]. Different 
types of bridge structure have been synthesized and 
the influence of parameters, such as the length or 
rigidity of the bridge, have been reported. The moti- 
vation for PET investigations of peptide-linked mol- 
ecules comes from different sources: 

(1) biological PET is thought to occur at least in 
part along peptide chains; 

(2) peptide chains allow a wide variation of chain 
properties which determine the shape of the A-D 
distance distribution as well as its dynamics; 

(3) peptide chain conformations are a topic of great 
biological relevance; in addition, most enzymes are 
composed of peptide chains whose functions are es- 
sentially determined by their steric structure. 

Several research groups have been engaged in PET 
studies of peptide-linked A-D systems for some con- 
siderable time. Isied and coworkers initially investigated 
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different types of peptide chain [2] and later concen- 
trated mainly on proline chains [3]. Within the class 
of peptides, proline occupies a special position; instead 
of a side-chain it features a five-membered ring at the 
central carbon atom which makes the peptide more 
rigid. Oligoproline chains are considered to be rigid 
by these workers and allow an investigation to be made 
of the distance dependence of ET without considering 
the chain dynamics [1]. Schanze and Sauer [4] also 
investigated the distance dependence of ET with proline 
chains of varying length. Liu et al. [5] explored a model 
system for the photosynthetic reaction center, where 
a porphyrin is covalently linked via short peptide bridge.s 
to a quinone. Information has been gathered on the 
role of through-bond and through-space contributions 
to ET, in particular on the role of superexchange. 
Possible pathways for electron tunneling through a 
saturated chain are reported in Ref. [6]. Contrary to 
the general opinion that an essential part of ET proceeds 
by a through-bond mechanism [3,5,7], Inai et al. [8] 
found an indication for pure through-space ET in a 
helical peptide molecule. 

Investigations of peptide-linked molecules by ex- 
amination of the magnetic field effect (MFE) on the 
reaction yield of recombining radical ions have not 
been carried out to our knowledge. The interplay of 
the different parameters, which bring about and influ- 
ence the appearance of the MFE, will not be repeated 
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here since a number of review articles on this subject 
have been published, e.g. Ref. [9]. A schematic de- 
scription outlining the main steps of the MFE mech- 
anism and the different contributions to the spin dy- 
namics has been given recently [10]. Of particular 
importance are the distribution function of the radical 
pair distances (see also Ref. [11]) and the dynamics 
of the changes in molecular conformation leading to 
changes in the relative intramolecular distance between 
radical pairs and thus to a complicated influence on 
the distribution function of the exchange interaction 
J (because J(r, t) is a function of the distance of the 
unpaired electron spins and a function of time [10,12]). 

A suggestion, which is contrary to accepted ideas on 
the role of intramolecular hydrogen bonds in protein 
structures, has been discussed by Ruttens et al. [13]. 
It is proposed that due to intramolecular hydrogen 
bonds, a glycine chain may exist predominantly in its 
maximally extended conformation. This conclusion has 
been drawn by these workers from the fluorescence 
yields of exciplexes formed by pyrene and indole, teth- 
ered to peptide chains. The main concern of the present 
work is to study the dynamics of short oligopeptide 
chains by making use of the MFE, which is sensitive 
to the relative motions of chain-linked radicals [10]. 
Any significant influence of intramolecular hydrogen 
bonds on the chain dynamics should be reflected in 
the shape and characteristics of the MFE spectra. A 
comparison is made with the dynamics of polymethylene 
chains. 

Fig. 1 shows the structures of the compounds in- 
vestigated. The chain of pyrene(Pt)3DMA is designated 
as (Pt)3, although strictly speaking only the central 
C O - C H 2 - N H  portions are complete parts of the 
glycine peptide. Furthermore, an additional CH2 group 
is incorporated between the carbonyl group and DMA 
in order to prevent direct electronic interaction between 
the aromatic ring and the carbonyl group. The chain 
(Pt)3 thus features ten atoms in the linkage between 
the functional end groups pyrene and DMA. Its fully 
extended length falls between that of a ( C H 2 )  9 and a 
(CH2)10 chain. Molecules in which pyrene and DMA 
are linked by a polymethylene chain are designated in 
this work as Py(n)DMA, where n is the number of 
CH2 groups. The (Pt)~ chain corresponds to the chain 
in Py(4)DMA. Two different configurations of the (Pt)3- 

Hx }i 0 

P/ H H/'R Py(Pt)1 DMA 

Py(Pt)3 DMA 

Fig. I. Structures of the investigated peptide-linked molecules 
1Py(Pt)IDMA, 1Py(Pt)aDMA and 2Py(Pt)3DMA (DMA, dimethy- 
laniline; lay, pyrene). 

linked molecules were investigated, with pyrene attached 
at the 1-position (1Py(Pt)3DMA) or at the 2-position 
(2Py(Pt)3DMA), as indicated in Fig. 1. Similar des- 
ignations are used with polymethylene-linked molecules. 

The general reaction scheme for flexibly linked A-D 
systems in a highly polar solvent is presented in Fig. 
2. After excitation of the acceptor molecule A, electron 
transfer from 1D to 1A* generates the radical ion pair 
(RIP) in its overall singlet state, ~(2A--2D+). The 
elementary step of RIP formation by electron transfer, 
as well as the process of RIP recombination by return 
electron transfer, takes place with overall electron spin 
conservation. For our system, this results in definite 
spin selection rules for RIP recombination: singlet pairs 
yield recombination products in the singlet (ground) 
state or singlet exciplexes, while triplet pairs yield the 
triplet excited state. The formation of the RIP in its 
overall triplet state 3(2A---2D+), with a rate designated 
by k,t(B), requires spin realignment in the pair. This 
is brought about by the hyperfine-coupling-induced (hfc- 
induced) coherent spin motion of the unpaired electron 
spins and can be modulated by weak magnetic fields 
of strength B by virtue of the Zeeman effect and by 
the varying exchange interaction. Thus the relative 
fractions of singlet ground state and triplet excited 
state products, as well as contact ion pairs which are 
emissive exciplexes (cf. Fig. 2), can be sensitively in- 
fluenced by controlling the exchange interaction and 
by applying an external magnetic field. 

2. E x p e r i m e n t a l  s e c t i on  

Steady state fluorescence spectra were measured with 
a commercial luminescence spectrometer (LS50, Per- 
kin-Elmer). Fig. 3 shows the spectrum of the strongly 
quenched pyrenyl fluorescence in the wavelength range 

ksr" ] + k ~  -F-- (A D+) * 

ks,(B) I/2A_.(L)_2D)~ ik i -  (k) 

k~s (B) / krg [ k i  

1A-(L)-ID t 
Fig. 2. General reaction scheme for intramolecular photoinduced 
electron transfer (PET) and return electron transfer (RET) processes 
of linked A-(L)-D systems in polar solvents; the linkage is designated 
by (L). The left-hand superscripts, e.g. in 3(=A-(L)2D+), indicate 
that the radical anion and cation doublets (2) are in an overall triplet 
(3) spin state. Some rate constants are characterized by pairs of 
letters which identify the initial and final states of the reaction; 
singlet state (s), triplet state (t), radical ion pair (r), exciplex state 
(e) and ground state (g). The spin multiplicity changes in the RiPs 
are denoted by the magnetic-field-dependent rates k,t(B) and k,,(B). 
Radiative transitions are denoted by kf and k}, and intersystem 
crossing by ki,~. 
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Fig. 3. Photostationary fluorescence spectrum of 2Py(Pt)aDMA in 
acetonitrile. 

p h o t o ~  
diode 

xenon- [R, UV "'"" 
lamp filters A A 

Cl (~1) tun 
/ha lo  en-  

lamp 

• ~ 7  - = - ~  *;0r ~ ~ / , / :  
magnetic f i e ld / -~  tt / /  PMT 1 

sten quartz fiber ~ P~,tT 2 
KF 595 nm 

Fig. 4. Spectrometer with phase-sensitive (lock-in) detection for 
measurement of the magnetic-field-dependent exeiplex fluorescence 
and triplet absorption. C1, C2, chopper with frequencies to I and a,,2 
respectively; Az, A2, apertures; IF, interference filter; KF, edge filter; 
PMT 1, PMT 2, photomultiplier tubes. The broken circle indicates 
the pole pieces of the (ESR) electromagnet. 

360-480 nm and the exciplex fluorescence band with 
a maximum at 565 nm of compound 2Py(Pt)3DMA in 
acetonitrile. 

Adopting features of an earlier set-up [14], a new 
apparatus was constructed [15], allowing MFE mea- 
surements of both triplet absorption and exciplex emis- 
sion (see Fig. 4). This type of instrument is advantageous 
if the samples are not particularly photostable. Un- 
satisfactory photostability (probably chain ruptures) has 
been encountered with peptide chains as well as with 
polyether and partly aromatic chains [16], in contrast 
with aliphatic chains. In the apparatus of Fig. 4, the 
light beam of a short-arc xenon lamp (Osram XBO 
150Wl) is chopped by a rotating sector disc with a 
chopping frequency to I (in the range 30-200 s-1). The 
magnetic field strength in the electron spin resonance 
(ESR) laboratory magnet together with the remanence- 
field compensation coil can be adjusted between zero 
and 10 kG (1 T). 

2.1. Emission measurements 
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A quartz light guide conducts the fluorescence light 
from the sample to the remote photomultiplier tube 
(PMT 2), placed in a region without stray field from 
the magnet. The spectral range of interest is selected 
by bandpass or edge filters in front of the PMT. In 
the experiments described, an edge filter with trans- 
mission above 595 nm is used, which cuts off the 
monomer fluorescence (pyrene fluorescence). A lock- 
in amplifier (LIA) measures the signal which is in phase 
with the reference signal from the chopper blade. A 
second LIA receives the signal from a photodiode 
monitoring the intensity and possible drifts in the 
excitation path. The ratio of both signals is stored in 
a computer which also controls the sweeps through the 
selected range of magnetic field strengths and facilitates 
the graphical representation of the fluorescence inten- 
sities as a function of the magnetic field strength. By 
applying the chopping method, errors due to false light 
and lamp instabilities can be eliminated. Experiments 
can be carried out at low excitation intensities preserving 
samples for extended studies [17]. 

The relative exciplex fluorescence intensity I' as a 
function of the magnetic field strength (magnetic in- 
duction in gauss, measured with a Hall probe) is 

I'(B) - I ' (0 )  
Aq~/q~ = (1) 

I'(0) 

The lower limit for the detectability of a relative exciplex 
fluorescence change is Aqdq~=0.005. 

Emission decay curves were measured with the single- 
photon-counting method through interference filters 
(time resolution, 0.7 ns). Pyrenyl fluorescence signals 
at 377 nm were deconvoluted, allowing for the signal 
from the excitation pulse at 337 nm, before a function 
of up to three exponentials was fitted (see Eq. (3), 
Section 3). Picosecond lifetimes of the primary fluor- 
escence were obtained at 408 nm by using a streak 
camera (Hamamatsu C1370-01) and excitation with the 
third harmonic from an Nd:glass laser (A=351 nm, 
tvwnu=7 ps) [18]. 

2.2. Absorption measurements 

A tungsten/halogen lamp is placed below the pole 
pieces of the electromagnet. The filament is imaged 
through the sample near the bottom of the cuvet onto 
an aperture (0.6 mm × 2.5 mm) closely adjacent to the 
upper edge of the horizontal cuvet. The excited sample 
volume and measuring beam coincide well and the stray 
fluorescence light reaching the detector is minimized. 
The collimated beam is directed to the cathode of 
photomultiplier tube PMT 1. In order to detect the 
intensity of the measuring light simultaneously, an 
additional optical path has been introduced into the 
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measuring channel. A 45 ° beam splitter and two parallel 
mirrors and a chopper are inserted (see Fig. 4). The 
light chopped with frequency 032 (002>> 001) (a fraction 
of about 10 -4 of the total intensity) is added at the 
photocathode of PMT 1 to the light modulated at 001 
which carries the absorption information of the transient 
species introduced by the chopped (tot) excitation light. 
If the transient is pyrene in its first excited triplet state, 
interference filters at 415 nm (10 nm halfwidth) are 
used (maximum of T]-T,-  absorption). The number 
of dynodes of PMT 1 have been reduced electrically 
to six in order to avoid non-linearities at higher in- 
tensities of the measuring light. Two LIAs (HMS 500) 
of identical design handle the signals simultaneously. 
The first LIA receives the reference signal from chopper 
1 (001) and therefore measures the signal that corre- 
sponds to the absorption. The second LIA, whose 
reference signal comes from chopper 2, measures a 
signal that is proportional to the measuring light intensity 
which may not be constant in time. The ratio of both 
values is recorded. Additional corrections due to vari- 
ations in the excitation intensity can be applied with 
a third LIA with the signal from the photodiode. In 
order to avoid distortions of the MFE curves due to 
non-first-order triplet deactivation (e.g. T-T annihi- 
lation), triplet concentrations must be kept at reasonable 
levels [19]. Such influences can be excluded in the 
present measurements. 

A comparison of the performance of the instrument 
described above with a laser pump-and-probe set-up 
[20,21] yields the following advantages: it is simple and 
inexpensive; sensitive emission and absorption mea- 
surements are possible with the same instrument; a 
shorter measuring time is required to achieve com- 
parable signal-to-noise ratios; and a lower light intensity 
can generally be used. Disadvantages include the con- 
siderable effort necessary to separate the fluorescence 
light in absorption measurements, i.e. an apparent 
suppression of the absorption signal due to the su- 
perposition of the 180°-phase-shifted fluorescence sig- 
nal, and the consequent limitation of this method to 
samples with a low fluorescence emission, unless an 
extra calibration run is made to take care of the 
interfering fluorescence signal. 

The samples were prepared as described elsewhere 
[22]. The solvents acetonitrile and acetone (Merck 
Uvasol, spectroscopy grade) were used as purchased, 
after drying over a molecular sieve (0.3 nm). Compounds 
were of high performance liquid chromatography 
(HPLC) grade. 

3. Results and discussion 

From the decay time of the primary fluorescence of 
pyrenyl, we can determine the rate constant of ET 

from the donor DMA to the excited acceptor pyrenyl. 
Assuming that ET is the predominant quenching pro- 
cess, we have 

1 1 
key . . . .  (2) 

~" ~o 

where Vo is the fluorescence lifetime of the unquenched 
pyrenyl (e.g. methylpyrene). Table 1 shows the lifetime 
data and k~-r values obtained according to Eq. (2). 
Frequently, the decay curves of monomer and exciplex 
fluorescence were not monoexponential and had to be 
fitted to a sum of exponentials according to 

I ( t )  = Coe - ' °  + C l e - "  + C 2 e - " ~  + . . . .  (3) 

The term with time constant ro describes a slow decay 
process (with small prefactor), which can generally be 
assigned to the fluorescence from molecular fragments 
which are not quenched intramolecularly, and exhibit 
the lifetime of pyrene or methylpyrene (~'o--190 ns). 
The occurrence of shorter lifetimes, ~'1 ..... ~',, from (Pt)3 
molecules points to different contributions to the 
quenching process. Although a three-exponential fit 
looks quite satisfactory, we propose a non-discrete 
distribution of lifetimes for the decay curves of the 
primary emission of the peptide compounds. In such 
cases, also applied to exciplex emission decay curves, 
a single survival time (~) [23] is used (see Table 1) 
which is calculated according to 

n 

<~'>= '-'. (4) 
Nc, 
i--1 

This is the time for which equal areas are obtained 
under the experimental decay curve and a monoex- 
ponential decay curve with (~-) as the decay time and 
ECi as the pre-exponential factor. 

Table 1 
Fluorescence decay t imes of peptide- and (for comparison) alkane- 
linked [10,11] molecules in acetonitrile (MeCN).  Electron t ransfer  
rates were calculated according to ku--r = 1/~'- 1/~'o; for methylpyrene,  
90 = 190 ns 

Molecule v kET ( "/'E~e > 
(ns) (10 9 s-') (ns) 

1Py(Pt) t D M A  0.18 5.6 0.5 
1Py(4)DMA 0.46 2.2 3.9 
1Py(Pt)3DMA (0.54)" 1.77 15.0 
2Py(Pt)aDMA (0.59) b 1.71 24.7 
1Py(9)DMA 1.5 0.66 15.6 
2Py(9)DMA 1.8 0.55 16.9 
1Py(10)DMA 1.7 0.59 18.9 
2Py(10)DMA 1.8 0.55 18.6 

"Decay t imes between 70 ps and 2.0 n s .  

bDecay t imes between 0.26 and 1.54 ns. 
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The times obtained reveal a clearly more effective 
ET with peptide chains compared with CH2 chains. 
ET rates kE-r for comparable chain lengths ((Pt)l and 
(CH2)4 or (Pt)3 and (CH2)9) are a factor of about three 
larger for peptide chains. The short components point 
to contributions from through-bond mechanisms, as 
reported previously for peptide-linked A-D systems 
[4,5]. Possible origins of this contribution may be found 
in the superexchange mechanism according to Ref. [24], 
or tunneling through "conducting states" of the chain 
as suggested by Petrov [25] for protein chains. More 
generally, we prefer to speak of a spacer-molecule- 
assisted ET (SMA-ET) as an important contribution 
to the quenching process. A multiexponential fluor- 
escence decay in peptide-linked A-D systems has been 
described in Ref. [4]. On the other hand, the short 
time components could originate from a fraction of 
molecules preformed in close end group conformations. 
This explanation finds support from the higher exciplex 
yields of (Pt)3 molecules compared with alkane-linked 
molecules. The intensity ratios I'(580)/I(377) of exciplex 
fluorescence at 580 nm and fluorescence at 377 nm 
from quenched pyrenyl are as follows: 1Py(Pt)aDMA, 
12.5%; Py(10)DMA, 5.5%; 2Py(Pt)3DMA, 96%; 
2Py(10)DMA, 46%. 

In many earlier" investigations of combined A-D 
molecules of comparable type, where exciplex and RIP 
lifetimes were identical, it was concluded that exciplexes 
were also generated by association of RIPs in fast 
dynamic equilibrium with each other [10,22]; the kinetics 
of exciplex decay can therefore serve as a monitor for 
return electron transfer (RET). By measuring the ab- 
sorption kinetics at 495 nm (absorption of the Py-  
radical ion), this was also verified with 1Py(Pt)3DMA 
and 2Py(Pt)3DMA. Since the exciplex decays were 
mostly non-monoexponential, as generally also observed 
with polymethylene-linked compounds [10], a mean 
decay time (r~c)  was determined according to Eq. (4). 
The time ~'1, the rise time of the signal at a wavelength 
near the maximum of the exciplex fluorescence band, 
is in all cases identical with the decay time of the 
primary fluorescence of pyrenyl. This illustrates that 
the primary excited state is the precursor which leads 
to the RIP and to the exciplex. The lifetimes listed in 
the last column of Table 1 indicate an increase in the 
RET rate, compared with the polymethylene chain, 
only for the short peptide chain; moreover, the exciplex 
emission of the two compounds is weak. The other 
compounds listed in Table 1 show exeiplex lifetimes 
of comparable magnitude; a significant difference be- 
tween the two types of chains is absent. It is remarkable 
that an SMA mechanism is found in the primary ET 
reaction, but does not seem to be effective in the RET 
reaction; this has also been observed experimentally in 
systems with spacers incorporating aromatic groups [16]. 

': The' compounds 1Py(Pt)3DMA and 2Py(Pt)3DMA in 
acetonitrile show an MFE in the exciplex fluorescence 
and triplet absorption, in contrast with the shorter 
compounds (1Py(Pt)IDMA and 1Py(Pt)2DMA), where 
an MFE is not detectable. The MFE curves obtained 
at the exciplex emission band are depicted in Fig. 5. 
They essentially show saturation-type characteristics 
with only a weak contribution from J-resonance-type 
effects [10]. The curves and the characteristic MFE 
values Bmi, and B ..... (the magnetic field strength at 
which an MFE curve crosses the A~/~=0 line) are, in 
contrast with that expected for intramolecular hydrogen 
bonds [13], very similar to those of polymethylene- 
linked molecules. Results from the latter are included 
in Table 2 and are given in Fig. 7 for comparison. The 
curves from the peptide molecules of comparable ex- 
tended length are shifted to somewhat smaller field 
strengths compared with Py(10)DMA and 2Py(10)DMA. 
This corresponds to the effect of an A-D distance 
distribution displaced to somewhat larger separations. 
Monte-Carlo calculations led to differences in the av- 
erage separations between.the isomers Py(9)DMA and 
2Py(9)DMA, as well as between Py(10)DMA and 
2Py(10)DMA [11]. Typical differences were 0.6--0.8/~, 
for identical chain lengths. If these results are applicable 
to peptide-linked molecules, the slight shift of the MFE 
curve can be explained by a shift in the pair distribution 
function of only 0.2-0.4 /~, towards longer distances. 
However, such an interpolation can only be accepted 
provided that other parameters, such as the molecular 
dynamics, distance dependence of the exchange inter- 
action and rigidity of the chain, are identical. The same 
MFE curve may also result from a different combination 
of these parameter values. 

As expected, the MFE in the triplet absorption with 
an inverted curve shape (see Fig. 6) shows the same 
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Fig. 5. Magnetic field dependence  o f  exciplex emission of 
1Py(Pt)3DMA and 2Py(Pt)3DMA in acetonitrile. Full lines were 
obtained by spline approximation of  the  da ta  points. 
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T a b l e  2 
Cha rac t e r i s t i c s  of  M F E  spec t ra  ( for  def ini t ions ,  see text)  of  pep t ide -  and  (for compar i son )  a l k a n e - l i n k e d  mo lecu l e s  in the  so lven t s  ace ton i t r i l e  

( M e C N )  and  a c e t o n e  

Molecule Solvent B,... n . . . . .  A~/~lm., A ~ / ~ I . ,  Rm.x Rsat 
(G) (G) (%) (%) (%) (%) 

1Py(P t )3DMA M e C N  150 205 - 0.3 2.5 - 2 22 
1Py (P t )3DMA A c e t o n e  160 250 - 0.6 4.8 - 3 11 
2 P y ( P t ) 3 D M A  M e C N  50 97 - 0.15 5.0 -- 1 18 
1 P y ( 9 ) D M A  M e C N  280 486 -- 4.9 5.5 -- 29 36 

2 P y ( 9 ) D M A  M e C N  106 169 - 2.0 18 
1 P y ( 1 0 ) D M A  M c C N  100 167 - 2.3 19 5.5 39 
1 P y ( 1 0 ) D M A  A c e t o n e  90 150 - 1.2 28 3.5 25 

2 P y ( 1 0 ) D M A  M e C N  46 67 - 0.8 33 

1.1 

~ 1.0 

J ~  
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0.8 

o 1 -Py(Pt)3DMA 
o 
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Fig. 6. M a g n e t i c  f ield d e p e n d e n c e  of  pyrenyl  t r ip le t  a b s o r b a n c e  of  

1 P y ( P t ) 3 D M A  a n d  2Py(Pt) .~DMA in ace ton i t r i l e .  
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Fig.  7. M F E  curves  of  the  ex¢iplex emis s ion  of  1Py (9 )DMA,  
2 P y ( 9 ) D M A ,  1 P y ( 1 0 ) D M A  and  2 P y ( 1 0 ) D M A .  

characteristic B values as the MFE of the exciplex 
fluorescence (see Ref. [10]). The magnitude of the 
effect (R value in Table 2; R , ,  -- 1 - 4h-(B -- oo )/d~r(B = 0),  
Rmax = 1 -  4~r(B = Bm~,/ q~r(B = O ) ) is considerably larger 
in absorption. This is not a novel observation; the 
increasing discrepancy with decreasing chain length 

between A~/q~ and R values obtained with the two 
detection methods (exciplex emission and triplet ab- 
sorption) is also evident in the polymethylene-linked 
compounds. The reason for this is that, with decreasing 
chain length, an increasing fraction of molecules, within 
the RIP lifetime, do not reach intrapair distance ranges 
leading to a sufficiently low exchange interaction J to 
allow hfc-induced intersystem crossing, 
Z ( 2 A - - E D  + ) ~ 3 ( 2 A - - 2 D  + ) ,  followed by recombination 
3(2A--2D+)~3A*-D (see Fig. 2). The reduced spin 
conversion efficiency leads to a smaller absorbance in 
the MFE detection of the triplet yield, but with the 
relative MFE value (R value) remaining the same. 
However, in emission this leads to an increasing fraction 
of exciplexes, generated (independent of the magnetic 
field) from RIPs, which have never reached the "mag- 
netic-field-sensitive" intrapair distance range. 

The characteristic field strengths in Table 2, B,,~ 
and B ...... are average values obtained from emission 
and absorption measurements; because of the given 
signal-to-noise ratio, the total uncertainty is of the order 
of 10 G. 

A possible influence of weak intermolecular hydrogen 
bonds on peptide chain conformations has been reported 
in Ref. [13]. Putative intramolecular hydrogen bonds 
(between CO and NH of the same amino acid residue) 
in an oligopeptide chain of the type (Pt)3 might lead 
to an extended conformation in the solvent acetonitrile 
(which is inert towards hydrogen bonding with the 
peptide function). On the other hand, in solvents with 
hydrogen-accepting properties, such as acetone [26,27], 
the intramolecular hydrogen bond could be destroyed 
by intermolecular hydrogen bonds between the solvent 
and the peptide chain. If this were the case with acetone, 
we would expect a shift of the Bm,x and Bin,, values 
towards higher field strengths and also a smaller MFE. 
The difference between the viscosities of acetonitrile 
and acetone is small (~/Mecr~ = 0.36 mPa s, r/A~,~,= -- 0.32 
mPa s) and would not lead to a significant shift [10,28]. 
From our present studies (with oligopeptide chains), 
we were unable to draw inferences with respect to 
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molecular dynamics which are comparable with those 
of Ref. [13]. The differences between the MFE curves 
obtained in acetonitrile and acetone can simply be 
attributed to the different polarities of the solvents 
(E~ccr~ = 37.5, E A c e t o n  e = 20.7). The consequences of vary- 
ing solvent polarity on the MFE of recombining unlinked 
and chain-linked RIPs have been extensively studied 
and will be reported elsewhere [29]. From the similarity 
between the MFE curves obtained with peptide-linked 
and alkane-linked molecules, we conclude that the 
intramolecular mobility of the two sets of molecules is 
comparable in both solvents. Therefore intramolecular 
hydrogen bonds seem to be of minor significance to 
the intramolecular dynamics, at least for the peptide 
chain (Pt)3 consisting of three glycine groups. MFE 
experiments with molecules containing different num- 
bers of glycine/proline groups are in progress. 

From the MFE and RIP lifetimes obtained with (Pt)3 
systems, no indications of a through-bond mechanism, 
assisting the return electron transfer or enhancing the 
spin exchange interaction, were found. This is in line 
with the results obtained with compounds incorporating 
phenyl groups in an aliphatic chain. There, we also 
found SMA-ET (i.e. probably a through-bond mech- 
anism for the primary charge separation), but the return 
electron transfer was insignificantly influenced or not 
influenced by such a mechanism [16]. 
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