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Abstract

A complex investigation of the dynamics of electronic excitations in the hydrogen bonded crystals of potassium and ammonium
dihydrophosphates—KH>PO4 (KDP) and NH4H,PO4 (ADP)—is performed by the means of the low-temperature time-resolved vacuum
ultraviolet (VUV) optical luminescence spectroscopy with subnanosecond time resolution and with selective photoexcitation by synchrotron
radiation. For KDP and ADP crystals, data on the kinetics of the photoluminescence (PL) decay, the time-resolved PL spectra (2-6.2¢eV), and
the time-resolved excitation PL spectra (4-24eV) at 8§ K were obtained. The intrinsic character of the PL of KDP (5.2eV) and ADP (4.7¢eV),
which is caused by the radiative annihilation of self-trapped excitons (STEs), is ascertained. Possible channels of generation and decay of
relaxed and unrelaxed electronic excitations in KDP and ADP crystals are discussed.
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1. Introduction

Nonlinear optical crystals of potassium and ammonium di
hydrophosphates—KH,>PO4 (KDP) and NH4H,PO4 (ADP)—
are used in short-wavelength laser technology and nonlinear
and integrated optics (Rashkovich, 1991). Crystalline KDP
is an ferroelectric with the Curie temperature 7, = 123K,
whereas ADP is an antiferroelectric with 7. = 148 K. Below
T., KDP and ADP belong to the orthorhombic system with
the point symmetry group. Both crystals have similar lattices,
which consist of phosphate groups of two types with different
orientations. Each POy4 group is linked with four neighbour-
ing PO4 groups by hydrogen bonds. Hydrogen bonds play an
important role in the migration of electronic excitations and
the energy transfer between phosphate groups. The low en-
ergy tails of fundamental absorption (FA) of KDP and ADP
are located at 180 nm in the vacuum ultraviolet (VUV) spec-
tral range. Therefore, despite the long-term investigations and
wide practical application of KDP and ADP, only a few works
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are known (Baldini et al., 1972; Saito et al., 1974) in which
these materials were studied by the means of the optical VUV
spectroscopy.

The main goal of the present study was to investigate the
dynamics of electronic excitations and luminescence in KDP
and ADP crystals using a low-temperature VUV luminescence
and optical spectroscopy with time resolution upon selective
excitation with synchrotron radiation.

2. Experimental details

The time-resolved photoluminescence (PL) spectra (2-6.
2eV), the time-resolved PL excitation spectra (3.5-24eV),
and the time-resolved PL decay kinetics were studied at the
SUPERLUMI station of HASYLAB using selective excitation
with synchrotron radiation. Time-resolved spectra were mea-
sured in a time window with width Az, delayed with respect to
the beginning of the excitation pulse by o¢. In this study, we
performed simultaneous measurements in two time windows: a
fast component (6t =1.2 ns, At; =12 ns) and a slow component
(0t = 230ns, Aty = 167 ns). Simultaneously, time-integrated
PL spectra were recorded. The other experimental details
were the same as reported by us earlier (Ogorodnikov et al.,
2004).
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We used KDP and ADP single crystals of high optical quality
grown at Issyk-Kul State University (Karakol, Kyrgyzstan). The
samples were prepared in the form of plane-parallel plates 7 x
7 x 1mm? in size with polished laser-quality surfaces oriented
perpendicular to the crystallographic axis c.

3. Results and discussion

Excitation of ADP crystals by photons with energies in the
vicinity of the low energy tail of FA at 8 K leads to the occur-
rence of intense PL mainly in two Gaussian bands at 2.6eV
(full-width at half-maximum (FWHM) = 0.47eV) and 4.7 eV
(FWHM = 0.93eV) (Fig. 1). Heating to temperatures above
20K leads to similar thermal quenching of both bands. Com-
parison of the time-resolved PL spectra (Fig. 1) indicates that
the PL bands related to the fast and time-integrated components
have similar shapes; the PL. of ADP at § K is mainly due to the
fast component (time window At;), and the contribution of the
slow component is relatively small.

The excitation spectrum of the PL band at 4.7 eV is located
in the FA region of ADP (Fig. 2). The low energy falloff of
the excitation spectrum of the fast component (time window
Aty) coincides with the low energy tail of FA of ADP and the
excitation has highest efficiency at v = 7.3eV. The optical
absorption coefficient of ADP at this energy is about 2000 cm ™!
(Baldini et al., 1972). With a further increase in Av to 9.3¢V,
the efficiency of excitation of the 4.7 eV PL band decreases by
more than a factor of 10, remaining at this level up to hv=22¢V.
Saito et al. (1974) showed that the energy range from 8.5 to 9 eV
corresponds to the beginning of interband transitions in ADP.

The excitation spectrum of the slow component of the 4.7 eV
PL band (time window At) has another shape. In the vicinity
of the low energy tail of FA, the excitation spectrum is a wide
band peaked at hv=9.7¢eV (Fig. 2).

The 2.6 eV PL band of ADP crystals is efficiently excited at
8 K both in the region of optical transparency and in the FA
region. The bands peaked at 5.2, 6.2, and 9.7 eV are dominant in
the excitation spectrum (Fig. 2). In the FA region, the excitation
spectrum of the 2.6eV PL band has the same shape as that
for the slow component of the 4.7eV PL band (Fig. 2). Upon
excitation in the transparency region, the character of the 2.6 eV
PL band of ADP changes. In this case, the contribution of
the slow component to the PL is dominant (Fig. 1). The PL
spectrum of the slow component is a band peaked at 2.7eV
(FWHM = 0.62¢V) with a shoulder at 2.2eV. In addition to
these bands, the PL spectrum of the fast component contains a
weak band near 3.5eV (Fig. 1).

The PL decay kinetics includes two fast exponential compo-
nents with time constants 71 and 7, in the nanosecond time-
range and superposition of relatively slow components in the
micro- and millisecond time-ranges, which manifests itself as a
constant-level background (pedestal) in our measurements (Fig.
3). The numerical values of the kinetics parameters depend on
hv. Upon photoexcitation in the region of creation of free exci-
tons (hv="7.4¢eV), both PL bands (at 2.6 and 4.7 ¢V) are charac-
terized by the decay kinetics with the identical parameters: 11 =
7ns, =15 ns, the contribution of the pedestal to the total opti-
cal sum is 10-15%. Upon excitation in the transparency region,
the decay kinetics of the 2.6eV PL band has another parame-
ters: 71 = 1.7 ns, 7o =7 ns, the pedestal contribution is 80-85%.
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Fig. 1. Normalized spectra of the (1, 6) time-integrated, (2, 4) fast, and (3, 5) slow components of the PL of ADP at 7 = 8K and hv="7.4¢eV (1-3) and

6.2eV (4-6).
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