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Original scientific paper

The photoluminescent properties were investigated of two complex compounds
of manganese (II) chloride with 4-benzylpyridine hydrochloride, viz.: C,,H,,N
MnCL; (BPMC) exhibiting a red luminescence, and (C,,H,,N),MnCl, (DBPMC)
displaying an orange luminescence. The results obtained theoretically using the
model of parabolic configurational curves were checked on DBPMGC, and their pa-
rameteres were calculated. For BPMC, where probably an energy transfer from an
excited manganese ion to its neighbours occurs, the experimental results are not
in agreement with theoretical ones predicted by the model of configurational curves.

1. Inmtroduction

Manganese (II) chloride forms with 4-benzylpyridine hydrochloride two com-
plex compounds with different photoluminescent properties depending on the mo-
lecular ratio of pyridine base to manganese (II) chloride. The compound in which
the ratio of 4-benzylpyridine to manganese (II) chloride is 2 :1, (C,,H,,N),MnCl,
(DBPMC), exhibits an orange luminescence, while the compound in which this
ratio is 1 : 1, C;,H,,N MnCl; (BPMC), displays a red luminescence. The photo-
luminescence of these compounds exists only in their solid state, because the com-
plex decomposes when it is dissolved in water and ethanol.
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We continue our systematic study of the luminescence of the manganese ami-
ne complexes!~7’. We have chosen here a very big amine, 4-benzylpyridine
C.H, N, in order to compare the results with those obtained with smaller ami-
nes: pyridine !-%.), benzyltrimethylamine and 2-chloropyridine?).

2. Experimental

The manganese complex compounds DBPMC and BPMC were sinthetized by
taking equivalent quantities of 4-benzylpyridine and manganese (II) chloride di-
ssolved in ethanol in the presence of an excess of hydrochloric acid. On a slow eva-
poration of this solution on a water bath crystals are formed. Compounds in ve-
ry pure state are obtained on a repeated recrystallization from ethanolic solution.
Both compounds are very stable, and no changes were observed.

On the basis of the results of an analysis it is assumed that the compounds
investigated may be assigned the following structure:

CH
i GeHs

‘ [
14 cH H
" ,[Mnclq]r | e MnCl3
m o ]‘ . I ke IcH

) |

BFMC BPMC

The excitation and luminescence spectra were recorded on a spectrophoto-
meter SAFAS 1700.

3. Results and discussion

Excitation of luminescence

The compounds investigated are photoluminescent. The shape of the lumi-
nescence spectrum is independent of the wavelength of the excitation radiation,
but the intensity of luminescence depends on it. The excitation radiation is supplied
bya xenon lamp followed by grating. The light emitted by thus irradiated sample
is analyzed by means of a second grating and measured with a photomultiplier.
The sample is in a liquid nitrogen cryostat at a temperature of 84 K. We fix the
grating analyzing the light emitted at the wawelength of the peak of the lumi-
nescence spectrum (595 nm for DBPMC, and 658 nm for BPMC). We make
the excitation grating revolve. The maxima of luminescence intensity are obtained
with the excitation radiations whose wavelengths are given in Table 1 (with an
uncertainty of 2 nm).

TABLE 1
DBPMC 300 365 380 430 470 500
® ® ®
BPMC 295 330 360 370 425 470 550
) ) band

Excitation wavelengths in nm. T = 84 K —(s) for shoulder
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These peaks displace slightly with temperature. They probably correspond,
like for other complexes of manganese amine, to absorption wavelengths. Since we
do not know the crystallinc structure of thcse complexes, we do not give any level
assignments. BPMC has levels close to thosc of the compound of manganese (I1I)
chloride with benzyltrimethylammonium chloride (the molecular ratio 1 :1),
BTMA MnCl;, and the compound of manganese (II) chloride with 2-chlorpyri-
dine hydrochloride (the molecular ratio 1 : 1), CsH,CINH MnCl; .

Luminescence spectra

We choose for these two compounds the excitation at 4500 nm which gives the
maximum of the intensity of the emitted light. We make the network analyzing
the emitted light revolve, and record the luminescence spectra: I; — luminescence
intensity per unit interval of wavelength as a function of the wavelength A. The
results obtained at about 80 K and at about 290 K for tke two compounds are gi-
ven in Fig. 1. I is in arbitrary units and is different for DBPMC and BPMC. The

ARBITRARY UNITS

. ) , ‘10'7m
52 55 60 65 70 A

Fig. 1. Luminescence spectra of the compounds investigated.

total intensity of luminescence depends slightly cn temperature. As the tempera-
ture increases the curve becomes enlarged and the wavelength of its peak A;, di-
minishes: in BPMC 2, decreases from 658 nm at 84 K to 637.5 nm at 294 K, and
in DBPMC A, decreases from 596 nm at 87 K to 587 nm at 293 K.

Comparison of the experimental spectra of DPBMC with those obtained theo-
retically by means of the model of parabolic configurational curves with one con-
figurational coordinate r8:':3.

The luminescence center is the Mn** ion. The emission occurs when an
electron falls from the lowest excited level, *T; (*G), to the ground level, 4,.

-l—kur2

The ground level has the potential energy: U, = 5
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The excited level has the potential energy:

Ue=_2!‘ ke (r - Ro)z + U,.

R, is the value of the configurational coordinate » corresponding to the minimum
of U. The total energy is:

1 _11/k
= n+—2— hv, + U, Ve = 3 i

where M is the mass of vibrating ions, and the corresponding wave function is
1
Y¢ (r — R,). The theory gives a curve G (T) proportional to I; A° having the fo-

llowing properties:

1
— The diameter of tlie curve (T) is a straight line with slope m.

2
— The curve In G ( ) In G ( ) asa function of ( i) is a straight li-
A2 A A

Ay

. 1 .
ne with slope a (ﬂ.— and- 4 are two wavenumbers coriesponding to the same va-
1 2

lue of G).

— G(—i) GMcxp{w [Vl 16“(-1——71;{) - 1]2}, (1) [Ref. 3,6]

where Gy is the maximum value of G obtained for the wavelength Ay,.

— The half-width L of G varies as a function of temperature T':

kv,
L=1L, coth-2kT (2) [Ref. 8]
1 hv,
7= Ath SET + B, (3) [Ref. 5]

where L , A and B are constants.

Shape of spectra

Fig 2 shows the curves In G (%) at 293 K and at 87 K, their diameter and the
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corresponding curves f. G is in arbitrary units. We observe that the diameter of the

curve In G ( 1

A

) is a straight line of the equation:

005 } 045 102mi2

45

~
o

{\»RBITRARY UNITS
&n

108!
15 16 17 181
»

1 L 1

A

Fig. 2. curves for the DBPMC complex. Experimental dots of In G (-1-) at 293 K and at 87 K.

2
Curve f represents In G = f|— — —) .

1
A A

1 /1 1 1
lnG=lnGM+m{-7(Tl+rz)—TM:.

The curve f is a straight line of the equation

In G=InG ! 1
= M‘f’a(x—iz)-

Hence the shape of the curve is that of Eq. (1).

At T=293K :)\L =1.674 - 10°m~'; m = 165 - 10~ m;

M
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= — 123" 10'12m216—a = —1.193 - 10~ m;
m
m2
—--= —138.3; L =0.239 - 10 m~!.
16e
1 6 -1 -6 .
At T=87K:)—=1°66-10m ;m=117 - 107° m;
M
a=—22'10'”m21—213=—3-009-lO‘ﬁm;
m2
—— = —3.009; L=0.176 - 10° m.

A

Fig. 3 gives the values of the wavenumber 1/Ay of the maximum of G, and
those of the width L at different temperatures. The uncertainties are:

A study of the transformations of G (i) as function of temperature T

A (AL) — 0.002um='; AL =0005um-'; AT =1K.
M

Ay depends slightly on temperature. Ay is a slowly decreasing function of T':
(A = 602.4 nm at 87 K; Ay = 598.1 nm at 293 K).

This decrease is less pronounced than that of A}, for the maximum of I,.

The curve widens. We have compared the experimental widths with theore-
tical formulae:
Equation 2 gives rather good results below 300 K with

— 170 M.
L =0.174 - 10° I/ cmh%‘ L=0.174" lO“Vcoth%)=—£= 170.

Equation 3 gives better results with

140 hv
i . -12 i c
=30-10 th T + 43 = %

1
73 = 140

which corresponds to O Kat L = 0.171 - 108 m~1).
( p

. a .
For this compound el not constant.
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Calculation of the parameters of configurational curves

We shall not make use of the measurement of m which is very unprecise,
but of:

e

%—;’; measured by band widths

he he
T "= T RORS

s-0108m™) 200 250 TK)
168F ™ ‘_ £
PP P SO S5 S RN e
100 ' 200 ' 300T(K)

Fig. 3. AL — the wave number of the maximum of G as a function of temperature. The half-width
M
Lof G (%) for the DBPMC compound. Experimental dots. Dotted line:

190 6
L =0.174 - 106 l/coth 1;’70. Solid line: [ = ———19°
'/30 th %‘3 +4.3

where A is the wavelength of the absorption of the lowest energy (500 nm)

with either Eq. (2) L2 1672 MR2s* In3

hc? ke hc? v,
4kgz 4kg?RZ¥In2 hv, = Tén? MR} In2’

or with Eq. (3): 4

1) Calculations with the formula of the width of Eq. (2):

hv,

hve e = 7.02 - 10'2 Hz or = = 23600 m~!
2k c

=170 =

I~ 842

)\abs

( 1 1) 1 (v’+vz)cv_.
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With )l = 1.66 = ! (low temperature), we find numerically in S. I.:
‘M

- ’vg \ 2
I (Z) !
4
(_”ﬁ.) 8In2’e
Ve c

v, = 7.86 + 1012 Hz or ’;i =26200m"!

11.23 - 1076 =

=111 |=

Ve

This result is that of the frequency of vibration », (a,) of a MnCI;~ ion*:
;l (a,) = 25 900m_ 1
71 (a,) = 25800m~ l.

Hence we shall make further calculations by choosing for M the mass of 4 Cl:
M = 2359 - 1025 kg

1 1 2-:2MR2

— — T —— o d
)\abs 7\M ( .‘ "J)
MR? = 3,059 - 10~%7
|Ro=1.14-10"""m|
) ) — he
k, = 4m2 M2 = 467 Jm U=—+ R
k, = 4m? My} = 575 Jm~2 U, = 3.673 - 10-1° .

Let us calculate the coordinates of the intersection point of the configurational
curves:

%kgR,2=~-;- ke (R, — Ro)? + U.
R, =368-10-''m

1 .
W= 5 k (Ri.— Ry)> =1.505 - 10137,
Since W is very much higher than 2T, t there is no thermal extinction.

34 FIZIKA 12 (1980) 1, 27—39



F. LIGNOU ET AL.: THE LUMINESCENT PROPERTIES...

2) Calculation with the width formula given by H. Payen de la Garande-

rie (Eq. (3)):
hv,
2k

= 140= | 5, = 5.83 - lO‘szor% =19 440m-"

EW - 3
e (ﬁ) 3In2%

-l

Ve

_ . 12
Y% 1929 | = v, = 7.17 - 102 Hz or

e

A=30-10"'2m?

-”Ci= 23900 m- .

Here the results are different from the frequencies of vibration of MnCl;~. Howe-
ver, we continue the calculations, assuming M to be the mass of 4 Cl.

MR? = 4.01 - 1047 U, =37-10"1°]

| Ro=13-10""'m | R, =491 -10""'m

ke =317 Jm~2 W =206-10""°]
k, = 478.5 Jm~ 2.

We want to point out that it is difficult to obtain presisely the coordinates of con-
figurational curves. Since semi-classical theories take only a normal mode of vib-
ration into consideration, they do not comprehend all the phenomena.

Comparison with neighbouring products

Table 2 also shows data on the compound of manganese (II) chloride with
pyridine hydrochloride in which the ratio of pyridine base to manganese (II) is
2 : 1, (CsHsNH),MnCL,, and on the compound of manganese (II) chloride with
benzyltrimethylammonium chloride in which the ratio of this quaternary base to
manganese (II)) is 2 : 1, (BTMA), MnCL,.

The DBPMC complex absorbs and emits the light of larger wavelength than the
neighbouring products. Hence the crystal field is here stronger.

A study of the spectra of BPMC

Shape of the spectra
Fig. 4 shows the curves In G (—%—) at 294 K and at 84 K, their diameter and
the corresponding curves f.
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TABLE 2
! 4T, (46 A (I2) 1 (G (L)) Referen-
Mavs | IARAPY A o
c
at about 80 K |at about 80 K |at about 80 K

18000 5
(CsHsNH), MnCl, 2.13 - 108 1.912 - 10% | 1.887 - 10¢ 15400 6
(BTMA), MnCl, 2.145 - 10 | 1.78 - 10¢ 1.766 - 108 13900 3

10 i 23600

DBPMC 2.106 1.678 - 10 1.674 - 106 19400

- Characteristic wave number of neighbouring products in m~!

The curve f is a straight line of the cquation:

1 1?2
lnG=lnGM+a(——-—) v

AL A
005 0. 10‘2§n'2
InG 12
o XE)
)
Z
oo
&
&
=
g 200K
e
IOGm"_

T4 5

Fig. 4 Curves for the BPMC complex. Experimental dots of In G (—]-) at 294 K and experimen-

2 \A
tal dots at 84 K. Curve f represents In G = ()\1— - )\L)
2 1
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The diametcer of the curve In G (—]-) is not a straight line. It is vertical toward

A
the apex (_G(i) > 0.7, and for —éi < 0.6 it is a straight line of a positive slope m.
M M

The shape of the curve is not that of Eq. (1).

At T=294K:-)\1—= 1.544 - 10°m~!; a= —18.8 - 10~12 m?;
M

L=0.192-103m"!

At T = 84K:—)\]—=1.508-105m“; a= —31.4-10"12m?;
M

L =0.146 . 105m~1

1

Shift of the maximum of G ( 7

) and wvariation of the width L

Fig. 5 gives the values of the wavenumber 1/Ay of the maximum of G and
those of the width L at different temperatures. The uncertainties are A (Tl—) =
M

=0.003 u~'; AL=0.006pu"".

0-2

T e i Lt

015 fI’ _____ I~

100 ' 200 ' 300 T(K)
P 0
155 i 1087
15

100 150 200 200 300 T(K)

Fig. 5. -)Tl— — the wave number of the maximum of G. L — the halfwidth of G (;‘—) as a fun-
M

tion of temperature. Experimental dots. Dotted line;: L = 0.146 l/coth 372.9
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A varies more with temperature 7 than in the case of DBGMC:
A = 663.1 nmat 84 K; 2, = 647.2 nmat 304 K.

We have compared the experimental widths with theoretical formulae. Eq. (2)
adjusted to the experimental values at 100 K and 300 K gives:

L = 0.146 |/ coth -2%0

We observe (see Fig. 5) that the experimental widths L do not follow this theore-
tical formula.

We have made an attempt with the formula of Eq. (3) with the experimental
results at 100 K, 150 K and 300 K (obtained by interpolating the experimental
curve).

hv, 1 hv,
Let us set X = 51 fOl‘ T = 300 K. T3 = Ath ﬁT

SET L +B

T=100K 4504 - 10°= Ath3x + B
T=150K 3586 10°= Ath2x + B
T=300K 27.7-10°=Ath x+ B

th3x —thx
Y= mix—mar %

Now the minimum value of y is 2, obtained for x or », = 0. The spectra of BPMC
do not follow the laws predicted by the model of configurational curves: the dia-

meter of In G —}1:—) is not rectilinear and the width does not follow the theore-

tical formulae.

Comparison with neighbouring products -

Table 3 gives a survey of the spectral characteristics of the investigated BPMC
compound and of the complex compounds of manganese investigated in previous
works: among these there is also the compound of manganese (II) chloride with
tetramethylammonium chloride (the molecular ratio 1 : 1).

The results are close to those on TMMC which has not a structure with iso-
lated anions but a chain structure where the Mn* * ions are interlinked by the C1~
ion bridges!®. Hence we cannot any more aply the usual theory because the lin-
ked Mn** ions interact and an excitation transfer from Mn* * to its neighbours
occurs! D,
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TABLE 3
o T o) i ) %w (¢ (—;)) Referen-
at about 80K | at about 80 K | at about 80 K
TMMC or [(CH3)sN] MnCl; 1.862 - 106 1.515 - 106 1.493 - 10
(CsHsNCI) MnCl; 1.869 - 106 1.484 - 10¢ 1.468 - 106 3
BTMA MnCl; 1.852 - 10¢ 1.546 - 106 1.522 - 106 3
BPMC 1.818 - 106 1.52 - 106 1.508 - 10°

Characteristic wave numbers of neighbouring products in m~—!
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Originalni nauc¢ni rad

Proutavane su fotoluminiscenme osobine kompleksnih jedinjenja mangano
(IT) hlorida sa 4-benzilpiridin-hidrohloridom i to: (C,,H,,N), MnCl, (DBPMC) i
C,.H,,N MnCl; (BPMQ). Za interpretaciju emisionih luminiscentnih spektara ko-
ri$¢en je teoriski model paraboli¢nih konfiguracionih krivi. Kod jedinjenja DBPMC
dobijena su dobra slaganja teoriskih i eksperimentalnih rezultata, $to nije bio slucaj
i kod jedinjenja BPMC. Pretpostavlja se da su neslaganja sa teorijskim modelom
konfiguracionih krivi verovatno posledica prenosa energije sa pobudenog mangano
jona na susedne jone.
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