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ENERGY TRANSFER BETWEEN Th+ AND Eu’t
IN DMSO

ENErGY transfer processcs have been extensively
stpdied In glasses'™® crystalyd—¢ and to a limited extent
in solutions. Holloway and Kestigian® studied the
quenching of Tbh* by other rare earth ions (Nd3,
Ho* and Er*) in aqueous chloride solutions and inter-
proted the results on the basis of a non-radiative
transfer of energy from the fluorescent Th* lavel to
excited levels of the quencher joa through a dipole-
* dipole interaction. The radiationless transfer of energy
from Tb** and Eu’r to various rare ecarth ions in
acetong and water was studied by Antipenko and
Ermolaev®. The transier rates were found to be siow
in water as comparsd to acetone. Van Uitert el al.®
studied the energy transier between Tb* and Eudt
in tungstates and the quenching of the °D, state is
attributed to the dipola-dipole 1interaction whereas
quenching of the SD; state is attnbuted o the dipole-
quadrupols interaction. A preliminary study showed
that the quenching of Tb% by Eu** in Dimethyl-
sulphoxide {(DMSO) obeys a Stern-Yomer law ; however
a diffusion limited dipole-dipole mechanism of energy
transfer is suggested for Tb*+ — Nd* and Thb*+ —
Ho% in DMSO!, The purpose of the present paper
is to gstablish the mechanmism of the energy trarsfer
from Tbh3* to Eu™ in DMSO.

The fluorescence vigld of the rare earth ions in
solutions depends strongly upon the solvent and it is
found that the fuorescence yield is fow in the protic
solvents whereas it Increases appreciably in the aprotic
solvents e.g., POCl;: SnCl,, POCl,; ; ZrClLai=13, 1t is
found that the fuorescence yield of Tb** and Eu3+
increases in DMSO,

The chlorides of the rare earth ions were prepared
by dissolving 99-9%, pure oxides {Koch-Light Lab.
Ltd., England) in HCl (G.R.} and by recrystallising
die salts from the concentrated solutions. The TbCl, -
6H,O and EuCl, - 6H,0 wers dissolved in s;ectrograde
DMSQO and the samples were sealed immediately,
Samples weare excited by using 365 and 487 nm 1adia-
tions from a xenon arc (150 W). The emission spectra
were recorded Spex-1902 fluorclog having two double
Czerny-Turner scanning monochromators each for
excitation and emission. Detection is done with the
help of single photon amplhifier discriminator, S$ 20
response photomuluplier and a chart recorder.,

Spectrum of Tb’* in DMSO is shown in Fig. 1
{curve a), The emission peaks are at 4880 ﬁh 5440 A,
5850 A and 6220 A originating from D, state but no

emission from *D; state is observed. Curve (6) in
Fig. 1 shows the emission spectrum of Eu® in DMSO
with emission peaks at 5910 A and 6140 A originating
from the lowest excited state (fe., 5D, state) and curve
(¢} in the same figure presents a typical emission
spectrum of a mixture of Tb* and Eud+, showing a
small enhancement of Eu’* emission accompanied by
the guenching of Tb* emission.
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FiG. 1. Emission spectra of Tb* and Eu® in

DMSO with excitation wavelength 365nm («)
“IM To, () — X — X — -5Eus+ and {¢) -+
1M Tb*+ + + 5M Eus+,

The decay plots for 5Dy — "F; transition have been
takenn and it is found that the decay curve of pure
terbium in DMSO is a simple exponential with a life-
time 2:-2ms. As we introduce Eu®** in this solution
the decay time decreases and the decay curve remains
exponential as shown in Fig. 2, The lifetime has
been obtained from the slope of the decay curve.

Figure 3 shows the ratio of intensity of the donor
without and with the acceptor versus concentration
of the acceptor. The intensities were found out by
measuring the peak intensity of 5440 A emission. It
can be seen that the emission intensity of Tb3* decreases
with the increase in the acceptor concentration. Tt is
observed that the intensity of the Eu® increases with
the increase in Tb¥ concentration whereas lifetime of
the acceptor remains unchanged.

Under a multipolar enurgy transfer process'
I, =T, (1 + gCo/3) (1)
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F1G. 2. Dazcay plots of (a) -02M Tb3+, (b} -02M
Tb*+ + -1 M Eu™, (c) -02M Tb¥* + 25 M Eud+,
d) ~92M Tb¥* + -5M Eu®* and (¢) 02 M Thé+
+ +8 M Tb3+,

where 1, and L, are the intensities of the donor with-
out and with the acceptor concentration C, 8 is the
quenching coeflicient and & is the characteristic of
the multipolar transfer having a vaug 6, 8 andil{}
for dipole-dipole, dipole-quadrupole and qudrupole-
quadrupale respectively. lo case 7 = 3, the equation
describes the situation where dipole-dipole interaction
is influenced by diffusion or collision takes place and
the Stern-Volmer kinetics is obeyed.

I, = L(1 + Kq 7, C)~* (2)
where 7, 1s the lifetime of the pure donor and Kgq is
the rate constant of quenching.

In order to investigate the mechanism of the energy
transfer procass we have plotted the concentration of
the acceptor C apainst [,/I, (Fig. 3). It gives a
straight line which implies that the quenching of Tb’t
by Eu’*t is linearly dependent on the concentration
of Eu* in agreement with equation (2) and hence
obeys BSiern-Volmer kinetics. From the slope of
the straight line we obtain the value of Kq 7, = 2: 2.
The lifetime of Tb**+ is 2-2ms so that Kg =1 x 10°
M-8~} This value is much lower from the value
one would expect for a diffusion controlled procegss*.
Similar results are observed by plotting 7o/7 against
the acceptor concentration (Fig. 4).

Eu’t deactivates Tb’t by the process

The+ D) -+ E_u"+ (’F) — To™ ("F) + Eu®*t ("D,)

Since F, level is only 400 cm™! above ths *F, level
it has a considerable population. The °*Fy— D,
and °'F, —» %D, transitions are electtic dipole and

* The rate of a diffusion controlled pocess is given
by Kd = 8RT/[3000n where R is the gas constant,
T i3 the temperature and #n is tha viscosity.  Tor
DMSO: (7= 1-996 CP) it’s value is ~ 10" sec™,
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Fic. 3. I/I, (with (lexc = 487 nm) versus euro-
Plum concentration.

ACCEPTOR CONC [M]

'ig. 4o /7 versus ouropivm concentiation,
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Fi =Dy is magnetic dipola traasition. Tt has heen
shown by Dester' that the participation of the magnetic
dipole tranvtion in energy transfer is neglgible as
compared fo electric dipole transition, Thus, it is
clear that the fraasfr occurs via mainly Fo — 8Dy
but this transison is only weakly allowed. From this,
ote would predict that such a transfer is short range
and of the order of collision diameter.

The critical transfer distance for the excitation
transfer probability and sponfaneous deactivation
probahility is  caleulated from €, = 3006/4 71 NR,3
where €, is the crtical concentration and N is the
Avogadro’s numbec'®. The conconiration at which
T = 7,/2 corresponds to the critical concentration.
Putting the values of €, and N R, is found to be
§-31 A which 15 in agTesment with the short range
intsraction. 1he present study however does not
exnlain why only the Tb — Eu® transfer in DMSO
is ¥ depaudent while Tb¥ — Ho™ or Nd3* transfers
ate r—% dependent. Further work is in progress.

Author expresses sincerg gratitude to Dr. D. D.
Pant for the helpful discussions and C.SIR.,, New
Delhi for Gnnuctal assistaoce.
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MECHANISM OF SUBSTITUTION OF AMINES
INTO COBALT(III) AMINE COMPLEXES

AL:IHUUGH substitution by anionic ligands into Co(TID
amine complexes, has been a subject of investigation
by many workers!, mechanism of substitation by
neutral specias other than solvent mofecules has not
been studied extensively, We report here, the resalis
D_f our studies of substitution by organic bases —
piperidine (PIP), diethylamine {DFA), cyclohexylamina
_(CHAL n-butylamine (BuA) and benzylamine (BA)—-
Into ¢is~ and trans- {[CO (en):CL,] Cl and trans-1Co {en),
Br,] Br; in metharol. The products [Co {en)e {base)
X]X; were characterised by their visible and IR
Spectra. Our observations indicate the operation of
a conjugate base mechanism, Dcb (Langford-Gray
nomenclature) in these reactions.

Experimenral

The complexes were prepared by methods reported
in {iterature?, The hases were dried with KOH and
distillad befare use. Aunalvticglly pure solvents were
used without further purification. Dowex SOW-X8
resin in the acid form was used for ion exchange
experiments.

Method

Reactions were foliowed conductiometrically afier
mixing the appropriate volumes of complex and base
solutions in a thermostated cell. The resistance was
preset and the time reguired by the solutiens 10 attain
this value was noted. Complex concentrations werg
in the range 0-001 to 0-0015 M. The second order
rate constants were graphically evaluated using a
modified form of the equalion suggested by Paniels
et af”,

Rate studies were made at four different temperatures
in the range 10-35°C and activation parameisers were

calculated :
Ea ~ G kY mol—1 3

AST A + 82 to + 164JK mol™?;
AGT ~ 65 k¥ mal.

Resulrs and Discussion

Table I gives the rate data at 25° C for substilution
of pases into the complexes. It may be noted that
the rates are W the Ordec © PIP ~DEA . CHA -
BuA - BA. It may be of Interest (0 note that the
basé strangihs in water® are also i the same order.
Valvues of the free anergies of activation in the case
of each complex for the substitution of the fve bases
are almost the same, indicative of an identical mecha-
nism. The large postive entropies of activation
obsarved suggest a dissociative activation process,



