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Monocrystals (N(CH3)4) 2MnCl, were
grown from an aqueous solution of salts by
slow evaporation at room temperature. The
effect of phase transitions on the behavior
of photoluminescence spectra, as well as
excitation spectra and time of attenuation
of the glow band of 539 nm is studied in the
temperature range of 4.5-300 K. Based on
the studies of the spectra of photolumines-
cence of the (N(CH3),) MnCl,, the glow
bands, which are caused by the glow of the
Mn?* ion and correspond to the *T—%A,
transition, were determined. The tempera-
ture evolution of photoluminescence spec-
tra (4.5-300 K) of the (N(CHs),)MnCl,
crystal demonstrates anomalies of their
parameters at the points of phase transi-
tions. Temperature dependences of crys-
tal photoluminescence spectra of the
(N(CH3) 4) sMnCl, crystal prove the exis-
tence of phase transitions in the tempera-
ture interovals from 100 to 300 K. The exci-
tation spectra for the luminescence band
of 539 nm and their temperature evolu-
tion (4.5-300 K) are shown. The bands
of around 2.93 and 2.96 eV are quick-
ly damped with temperature, so at the
temperatures above 170 K and 270 K, the
bands of 2.96 and 2.93 eV are not observed,
respectively. Peaks in the excitation spec-
trum correspond to electron transitions
from the basic state of °A; Mn?* to various
excited states MnCl3" (Td). Their exci-
tation energies are explained by a model
of crystals using the Tanabe-Sugano dia-
grams. The Racah B and C parameters, as
well as the splitting of crystal field A, were
calculated based on the Tanabe-Sugano
diagrams for & of electronic configura-
tion. The temperature behavior of the time
of attenuation of the photoluminescence
band of 539 nm was studied. The result-
ing time of attenuation of the photolumi-
nescence band increases at an increase in
temperature. The kinetics of attenuation
of the photoluminescence band of 539 nm
of a crystal is well described by an expo-
nential function
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sitions
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1. Introduction

components in the crystal structure determines the complex

Compounds (N(CH3),)2MeCl; (Me=Mn, Co, Zn) are
of interest both in terms of basic science and in practical
terms. The simultaneous existence of organic and inorganic

of properties characteristic of both organic and inorganic
substances. Inorganic components determine their electri-
cal, magnetic, and thermal properties, while the organic part
provides crystals with plastic and luminescent properties.



A change in their dimensions and conditions of obtaining
makes it possible to change the properties of crystals, open-
ing the way of purposeful synthesis of compounds with pre-
determined properties.

A characteristic feature for crystals of this type is the
existence of disproportionate phases in them, caused by the
spatial disordered fragments of the structure
with a change in temperature. That is why the
establishment of the nature and mechanism of
sequential phase transitions (PT), depending on
temperature, is of interest. This makes a signifi-
cant contribution to the development of PT theo-
ry and the possibility to extrapolate the results of
these studies to other similar groups of crystals.

One of the main conditions of modern material science
is the problem of obtaining high-quality monocrystalline
samples. One of the most sensitive research methods for
detecting all sorts of impurities is FL. Studies of the tem-
perature behavior of the spectra of photoluminescence (FL)
of (N(CH3)4)2MnCly crystal will make it possible to prove
the high quality of the resulting compound. This will allow
finding the use of (N(CHj3)4)oMnCly crystal as sensors
of external fields (temperature, pressure, etc.), while the
manifestation of dimensional effects significantly expands
the scope of application. In connection with the prospect
of widespread use of (N(CH3)4)sMnCl; compound in the
instrument structures, the study of the interval of tempera-
tures suitable for use is relevant.

T,K

2. Literature analysis and problem statement

Crystal system  Monoclinic
Snace eroun

to structural transformations shown in Fig. 1, it was also
reported about the possibility of the PT at a temperature of
90 (12) K [10]. As a result, the existence of declared phase
transitions (9, 10) can have a significant impact on the spec-
tra of the FL of the (N(CHj3)4)2MnCly crystals This problem
was not explored in papers [3, 4].

168 —> 261 — 273 = 293
Monoclinic Monoclinic  Orthorhombic
P12:cl P112in P2icll Pmcn

Fig. 1. Temperatures of the PT for (N(CH3)4),MnCly crystals [8]

3. The aim and objectives of the study

The aim of this study is to determine the temperature of
phase transitions in the (N(CH3)4)2MnCly. crystal with the
temperature of photoluminescence evolution spectra. This
will make it possible to determine the interval of working
temperatures suitable for the use of (N(CHjs),)2MnCly
crystal as sensors of temperature, pressure, etc. In order to
achieve this goal, the following tasks need to be addressed:

— to conduct low-temperature studies of the FL spectra,
excitation, and attenuation of FL bands;

—to identify the detected bands and to establish the
main parameters of the FL excitation bands;

— to establish the temperatures of phase transitions.

4. The procedure of synthesis and study of
photoluminescence spectra

The main optical, structural, mechanical, and other pa-
rameters of crystals of the A;BXy group were studied in
papers [1-11]. It was shown that they have segnetoelectric,
segnetoelastic, and superion properties. These papers exclu-
sively deal with the compounds of the A;BX, group with an
organic cation. Most physical mechanisms can be explained
with their help (by drawing analogies to the allowance for
electronic configuration of metal (Zn, Mn, Co) or halogen (ClI,
Br, I)). This is because all the declared compounds are based
on the BX; tetrahedron, which determines most optical tran-
sitions near the prohibited slit, as reported in papers [1—4].
The existence of isotropic points is also shown. However, the
issues related to the influence of temperature on the behavior
of the FL spectra remain unresolved. Special attention among
the representatives of the AyBX, group is paid to compounds
(N(CHj3)4)oMeX; (Me=Mn, Zn, Co; X=Cl, Br)[1-4] and
solid solutions based on them [7, 8]. Currently, the emphasis is
placed on (N(CHj3)4)2MeCl; (Me=bivalent metal) compound
due to several PT, manifested below 300 K.

Article [3] presents a method for obtaining, structural
features and optical properties of (N(CHj3)4)sMnCly crystals
at the temperature of 270 K. However, the issues of the in-
fluence of temperature on the behavior of FL spectra remain
unresolved. This approach is used in paper [4], but the lumi-
nescence spectra were studied for the orthorhombic phase of
the (N(CHj3)4)sMnCly (Pmcn) crystal. All this suggests that
it is appropriate to conduct a study on the influence of phase
transitions on the temperature evolution of photolumines-
cence spectra in the (N(CH3)4)oMnCly crystal.

All recorded PT temperatures for Me=Mn are collected
in Fig. 1. For this system, phase I at 300 K is always crys-
tallized in a lattice with the Pmcn spatial group. In addition

Monocrystals were grown from a water solution of salts
by slow evaporation at room temperature. The original mate-
rials for their synthesis were tetramethylammonium chloride
N(CH3)4Cl and MnCl,. These components were dissolved in
distilled water with an appropriate molar ratio. The grown
crystals have a characteristic light green color. Fig. 2 shows mi-
crophotographs of the samples obtained at different thicknesses
with the help of an optical microscope. Based on the diffraction
pattern, it was found that compound N(CH3)4Cl u MnCl, is
crystallized in a monoclinic lattice with spatial group P24/c(14)
at 270 K. No impurity phases were detected [3].

Fig. 2. Photos of polycrystalline samples of [N(CH3)4],MnCly4
crystal at different values of thickness of monocrystals:
a— ~1200 ym; b — ~800 um; ¢ — ~720 ym; d — ~600 pm;
e— ~550 um; f— ~350 um



The excitation spectra and glow of FL at liquid helium
temperature were measured using the Horiba/Jobin-Yvon
Fluorolog-3 spectrofluorometer (France), which is equipped
with a continuous xenon lamp (450 W) and a photomultipli-
er Hamamatsu R928P (Japan). The FL excitation spectra
were adjusted by the lamp’s radiation spectrum.

The FL spectra were adjusted for the spectral charac-
teristic of the spectrometry system used in our experiment.
Finally, low-temperature FL measurements were performed
using a closed-loop helium cryostat.

5. Results of studying the photoluminescence spectra

The study of the FL spectra (Fig. 3) was conducted to
identify the main optical transitions and identify the bands.
The experiment was conducted at wavelengths of light exci-
tation of 271 nm and 360 nm. The analysis was carried out
by decomposing the spectra into Gaussian components. Fur-
ther analysis of the bands obtained as a result of the decom-
position of the glow spectra into the Gaussian components
was performed. In order to identify the main glow bands,
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the excitation spectra for the band of 539 nm (Fig. 4) were
measured in the spectral range of 550—-650 nm.

Fig. 5 shows the temperature dependence of the position
of a glow band maximum (Fig. 5, a, En.y), changes in glow
intensity (Fig. 5, b), integral intensity (Fig. 5, ¢), as well as
the contribution of each band to the general glow mechanism
(Fig. 5,d) and FWHM (means the full width of the peak at
its half maximum, Fig. 5, €). The study of the excitation spec-
tra in a narrow energy range is shown in Fig. 6, a, and their
temperature behavior in Fig. 7. In Fig. 5,7 vertical bands
correspond to the position of structural transformations tak-
en from the data [19]. The time of attenuation of the FL band
of 539 nm at different temperatures and excitation energy is
shown in Fig. 8—10.

Fig. 8 shows FL attenuation at 8 K in the glow band of
539 nm. As one can see from Fig.8,9, exponential func-
tion [13] makes it possible to obtain the highest convergence at
the approximation of experimental data for description of tem-
porary FL intensity relaxation of in the (N(CH3)4)sMnCly.
In this case, the coefficient of deviation of obtained time
of attenuation of the FL band of 539 nm (Fig. 10) is
(N(CH3)4)sMnCly for different temperatures.

=]

= 7x107 o Aexe= 360 nm

.j Gap: 0.8 nm
6x10” 9 Filter: 400 nm
5x107 A
4x107 A
3x107 A

2x107 A

1x107

5 1.0x10%
[

exc’

—5K _
0k e 5390m

—— 100K Gap: 0.8 nm
—— 150K Filter: 500 nm

160 K
— 170K

180K
— 190K
—200K
—250K
—260K
—270K
— 280K

—290K
— 300K
4.0 45 5.0
E, eV



= 8
2394 ®— #1 /"P o —m—#]
1 = # P S —n—#
£ 238 1= 3 . ./l\.\\ / . o ] a1
—u g _ m
2374 s . _1 g 07 " \\\\:
2.36 ||~
1 | \ 51 \l
2.35 1 | \ O B 1
i | |
234 = | 41 “\
. 1 H H | BE_
. /| m— g LS
2334 g . =" ol 3 —u
i | n
2.32 E\
1 . 5 L
231 1 ~ 1
= o J 1L ] i
230 . e “m {' !
2-29'I'I'I'I'I'I'I'I'I'I'I'I'I'I'I 0 T T T T T T
20 40 60 80 100 120 140 160 180 200 220 240 260 280 30! 0 50 100 150 200 250 300
T,K T,K
a b
s 20
= 2 2394 ®#l f\
< /
o % 1T =% /"
< - /
2 m d LuE 2.38 -f.f #3 . .,l\.;\\\ ’/, - u
TN . 2.37 1 vy .
~m 4 I |
2.36 mai |
1 | \
2.35 | \
| E | |
104 /-/ 2341 » '~~.\ |
. ] —m
2334, . " o
232
5 ] A
—m—#1 231 -
—m—#2 1= o m® L]
—n—#3 2.30 . - . {' ‘
T =
0 T T 29 =TT T 1T T T T T T T T T T
0 50 100 150 200 250 300 20 40 60 80 100 120 140 160 180 200 220 240 260 280 30
T,K T,K
c d
§ 329 -—m—u
s —E—#2
T 284 —m—#3
=
= N
24 4
n
20 4=
n
~
16 - —
=
o
12 -
8 -
4
T T T T T
0 50 100 150 200 300
T,K
e

Fig. 5. Temperature dependence: a — position of the maximum of a glow band; b — change in glow intensity; ¢ — integral
intensity; d — contribution of each band into general glow mechanism; e — FWHM
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Fig. 6. Spectra of excitation of (N(CH3)4),MnCly crystal for
A=539 nm in the range of 2.91—2.98 eV
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Fig. 8. Luminescence attenuation of (N(CHs3)4),MnCl4 at 8 K in

glow band of 539 nm
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Fig. 10. Temperature dependence of attenuation time of
glow band of 539 nm (N(CH3)4),MnCl,4

6. Discussion of results of studying photoluminescence

Fig.3 shows the FL spectra for (N(CHjs)s)2sMnCly
crystal. Two glow bands of A=531.5 nm (#1) and 539 nm (#2)
were identified. It should be noted that at the temperature
of 150K and above, there appears another strip about
523 nm (#3) (Fig. 5). Taking into consideration the informa-
tion about luminescence spectra given in papers [11, 14] and
in this study, it is possible to assume the existence of some
common mechanisms for FL formation. After analyzing the
glow spectra of other Mn-containing compounds [3, 4, 15],
we can assume that the observed glow band corresponds to
the glow of the Mn?* ion. This band can be identified as the
4T,—5A, transition.

Fig. 3 shows that as the temperature rises, the position of
the maximum glow spectrum shifts to the short-wave area.
Fig. 5, a shows that deviations from quasi-linear dependence
about 175, 261, 273, and 293 K can be caused by the trans-
formation of structural phases [8,9, 19]. Similar behavior
was found in the temperature dependence of glow intensi-
ty (Fig. 5, b). It should be noted that integral intensity, the
contribution of each of the bands (P) and FWHM indicate a
sharp drop in temperatures 7>100 K. As reported in [9], at
temperatures of 90 K, there may be a structural phase tran-



sition (AT=12 K). Based on these arguments, it can be assumed
that appearance of band #3 is caused by the structural transfor-
mation. The nature of this band was studied in paper [3].

Based on the excitation spectra, the positions of the main
excitation bands were detected (Table 1). The peaks in ex-
citation spectra correspond to electron transitions from the
main state °A; Mn?" to various excited states MnCI; (T) [16].
Their excitation energy can be explained by crystal models
using the Tanabe-Sugano (T-S) diagrams. The Racah B and
C parameters, as well as splitting of crystal field A, are based
on the T-S diagrams for d” electron configuration.

Table 1

Transition energy taken at the maximum of the band of
excitation spectra at 7=300 K (Fig. 4)

Excitation band Posi— Position of | Position of | Position of
T, tion of | peak, eV peak, eV peak, eV
peak, eV | [4] 3] [19]
6AL(S)—IT(G) | 2.64 2.65 - 2.63
—4Ty(G) 277 277 - 2.74
—1E1A1(G) 2.87 2.87 2.86 2.85
- 2.90 - - 2.90
—4Ty(D) 3.27 3.26 3.30 3.24
AE(D) 3.35 3.38 - 334
AT(P) 3.46 3.46 345 347
SiA(F) 434 - 4.37 432
AT y(F) 4.58 - 4.63 456
B, eV 0.084 0.082 - -
C, eV 0.365 0.381 - -
A, eV 0.42 0.421 - -
T, K 300 290 270 -

The resulting parameters of Racah and magnitudes of
cleavage of the crystal field satisfactorily correlate with the
well-known literary information [4]. The T-S diagram is an-
alyzed in accordance with the procedure [17, 18]. It should
be noted that the bands around 2.93 and 2.96 eV quickly
attenuate with temperature. One may see that the band of
2.96 eV at the temperatures above 170 K and the band of

2.93 eV at 270 K are not observed. It can also be caused by
structural transformations. For the other bands in the exci-
tation spectra, the temperature behavior is similar. For ex-
ample, a change in the peak intensity of the excitation band
at 4.56 eV is shown in Fig. 7. Similarly to the glow spectra,
we observe a deviation from the linear dependence in the re-
gion of 170 K, which is caused by structural changes (Fig. 7).

The resulting time of luminescence attenuation increas-
es at a temperature increase, and temperature behavior
(Fig. 10) proves the existence of a phase transition in the
crystal at around 170-180 K.

7. Conclusions

1. Based on the research into the spectra of photolumi-
nescence of the (N(CHs)4)2MnCly, the glow bands that are
caused by the glow of Mn?" ion and correspond to “T;—5A
transition were determined. The temperature behavior of
photoluminescence spectra, excitation spectra, and time of
luminescence attenuation for the wavelength of 539 nm were
presented.

2. Analysis of the T-S diagrams allowed finding the
Racah parameters and the magnitude of splitting the crystal
field. The resulting values are well correlated with well-
known data in the literature. It was established that the
glow spectrum is characterized by the band of about 530 nm,
corresponding to the glow of the Mn?" ion.

3. Decomposition into the Gaussian components sug-
gests that the energy level is split into two components at
temperatures of less than 150 K and into three components
at temperatures over 150 K. The temperature behavior of
the main characteristics of a glow band, decomposed into
the Gaussian components, proves the existence of struc-
tural transformations that were previously envisaged. The
temperature behavior of the excitation spectra of the band
of 539 nm indicates a structural phase transition at the
temperatures close to 170 and 270 K. The existence of phase
transitions is proved by the research into the temperature
dependence of the time of luminescence attenuation for the
wavelength time of 539 nm.
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