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UV emitting borate phosphors for phototherapy lamps
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Photoluminescence properties of UV and blue emitting borate phosphors prepared by simple and time saving
combustion synthesis technique are presented and discussed in the context of application in phototherapy lamps. Emission
characteristics of these phosphors are found to be similar to those of commercial lamp phosphors used for phototherapy.
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1 Introduction

The ultraviolet radiation spectrum occupies the
electromagnetic ~ wavelengths  continuum  from
200-400 nm. Biological and physical characteristics
allow its convenient division into three bands, UVC
(200-280 nm), UVB (280-315 nm) and UVA
(315-400 nm). UVA is sometimes further subdivided
as UVA2 (315-340 nm) and UVA1 (340-400 nm).
UVC is used in germicidal applications and most
drinking water purifiers use UVC sources. UVB and
UVA are used in many applications such as
photocopying and phototherapy.

The use of UV light for phototherapy is well
established'. UV therapy is useful for treating more
than 40 types of skin diseases and disorders, such as
psoriasis®, vitiligo’, Ofuji’s disease®, erythropoietic
protopor-phyria®, chronic graft-versus-host disease®
(cgvhd), pit-yriasis rosea’ and uremic pruritus®, atopic
dermatitis’, lichen sclerosus et atrophicus10 (LSA),
morphea, scleroderma'’, cutaneous T-cell lymphoma''
and lupus erythematosus'”.

It was found that the light belonging to longer
wavelengths of UVB region was more effective while
the shorter wavelengths were much less effective or
even harmful. A narrow UVB source emitting'* at
about 311 nm was made available around 1988.
Psoralen UVA treatment (PUVA) is another method
to treat skin disease. Parrish et al". reported the use of
oral psoralen agent followed by treatment with UV-A
radiation to cure psoriasis. In the treatment of
hyperbilirubinemia'® the light in the violet-blue region
is used. Currently dermatologist use UV lamps having
specific emissions in the UV region. The selection of
the emission wavelength depends on the action

spectra for particular disease. Depending upon the
effectiveness of wavelength region of radiation
sources phototherapy can be classified into (1) narrow
band UVB phototherapy, (2) psoralen UV-A
phototherapy and (3) phototherapy with near
UV-visible light.

In the present paper, the photoluminescence (PL)
properties of various borate phosphors in view of their
application in phototherapy lamps have been reported.
All the phosphors described in this paper are prepared
by combustion method.

2 Experimental Details

Borate phosphors were prepared by a combustion
method'”*'. Heat generated in the exothermic reaction
between ammonium nitrate and urea is used to carry
out the synthesis. Table 1 presents the details of the
ingredients used in syntheses of various borate host
phosphors. All the chemicals used are of A R grade.
Following the combustion, the resulting fine powders
were annealed for 90 min at temperatures ranging
between 700 and 900°C and then rapidly cooled to
room temperature. The powder XRD analyses were
performed on Rigaku Miniflex II X ray
diffractometer. PL measurements at room temperature
were performed on Hitachi F-7000 spectro-
fluorimeter in the range 200-600 nm.

3 Results and Discussion

The powder X-ray diffraction patterns of the as
prepared borate hosts StZr (BOs),, AlB,Os and
LaMgB;0y, are shown in Figs 1(a), 2(a) and 3(a),
respectively. The patterns are consistent with the corres-
ponding ICDD files shown in Figs 1(b), 2(b) and 3(b).
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3.1 Phosphor for narrowband UVB therapy lamp broad band UVB lamps emit light in the broad range
The UVB narrowband phototherapy proven to be the ~ over the UVB spectrum, including light (220-290 nm)
most effective for the treatment of psoriasis, vitiligo,  causing sun burning. The narrowband UVB (290-
ofujis disease, erythropoetic protoporphyria and many 320 nm) emitting phosphor without part of shorter
other photo responsive skin disorders”'*. Conventional ~ wavelength range causing sun burning is thus required.

Table 1 — Molar ratios of constituents

S No Phosphor Molar ratios of constituents

1 StZr.95P10,03Gd 02(BO3)» ZrO(NO3),:Pr(NO3)3:Gd(NO;)3:Sr(NO;),:H;BO;:CO(NH,),:NH4;NO;
0.95:0.03:0.02:1:2:6:8

2 Al;95Ceq,05B209 Al(NO3);: CeCl3:H3BO5:CO(NH,),:NH4NO;
3.95:0.05:2:11:3

3 La0.99CeO.01MgB5010 La(NO3)3: CCC13ZMg(NO3)2:H3BO3:CO(NHz)leH4NO3

0.99:0.01:1:5:6.5:6
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Fig. 1 — (a)-XRD pattern of SrZr (BOj3), and (b) ICDD File: 00-024-1249
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Fig. 2 — (a) XRD pattern of Al;B,0O9 and (b) ICDD File: 00-029-0010
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The rare earth impurity Gd®* impurity may be
useful as an activator in the phosphor used in artificial
UV lamp for phototherapy since the common
emission of Gd®* ion peaks at 311 nm arises due to
transition between 6P7/2 to 887/2 levels. The emission
band of Gd’* is very narrow and lays in the
wavelength range 290-320 nm, which is essential for
phototherapy lamp. The Gd** ion itself does not
exhibit very intense emission?’. The 6P7,2 — s,
transition of Gd’* is very weak as it is a parity
forbidden f-f transition and hence, requires
sensitization for efficient emission. Such type of
sensitization results into intense Gd** emission,can be
done by co-doping the host with Pr’* impurity along
with Gd™. Thus, excitation due to 4f* CHy) — 4f' 5d'
transitions of Pr**, transfers the energy to °I; excited
state of Gd™. After relaxing to ®p; states, the final
emission is in the form of a narrow band around 312
nm. The mechanism of the energy transfer is
explained in Fig. 4.

Figure 5 shows the photoluminescence of
StZr(BOs),:PrGd prepared by combustion method.
The excitation spectrum (curve-a) recorded at 313 nm
emission consists of broad band about 230 nm,can be
assigned to 4f*-4f'5d' intra-configurational transition
of Pr’* and small narrow band about 274 nm
corresponds to Gd’* absorption. The emission
spectrum (curve-b) recorded at 230 nm excitation
consists of narrow band (FWHM = 6 nm) peaking at
313 nm can be assigned to ®p.,-8S transition of Gd**.
The photoluminescence spectra of SrZr(BOs),: PrGd
thus show efficient Pr’* — Gd**energy transfer. The
emission spectrum of the phosphor is almost similar

to that of commercial (Philips TL/01) lamp
phosphor™.
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Fig. 4 — Pr*" to Gd** energy transfer mechanism

3.2 Phosphor for PUVA therapy lamp

In PUVA-therapy in which lamps emit radiation
over the whole UVA part of the spectrum (315-400
nm) are used in combination with photosensitizers
(for example psoralenes) for the treatment of
psoriasis. Treatment with PUVA remains the standard
for patients with high PASI scores who do not
respond or whose psoriasis cannot be controlled
adequately by UVB.

Figure 6 shows the photoluminescence of
AlB,0y:Ce prepared by combustion method. The
excitation spectrum (curve-a) recorded at 356 nm
emission consists of broad band about 270 nm,can be
assigned to the transitions from 4f ground state to the
crystal field splitted 5d levels of Ce’*. The emission
spectrum (curve-b) recorded at 270 nm excitation
consists of narrow band peaking at 356 nm,can be
assigned to the Ce** emission from the lowest crystal
field component of 5d' configuration to the 4f ground
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Fig. 5 — (a) Excitation spectra recorded at 313 nm emission and
(b) emission spectra recorded at 230 nm excitation of
StZr 95Pr.03Gdo.02(BO3),
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Fig. 6 — (a) Excitation spectra recorded at 365 nm emission and
(b) Emission spectra recorded at 270 nm excitation of
Al 95Ce,05B20g
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Fig. 7 — (a) Excitation spectra recorded at 440 nm emission and
(b) Emission spectra recorded at 373 nm excitation of
Lap99Ce001MgBsOyg

state levels. The emission spectrum of the phosphor?
is almost similar to that of Philips TL/10 lamp.

3.3 Phosphor for treatment of hyperbilirubinemia (neonatal
jaundice)

In new born infant an immature liver is not able to
convert unconjugated bilirubin  (decomposition
product of haemoglobin) into its water soluble
conjugated form. New born babies are not easily able
to get rid of the bilirubin and it can build in the blood.
Hyperbilirubinemia is a condition in which the
bilirubin level in the blood becomes high and can
diffuse into tissues in the brain, it may cause brain
damage. Blue light can convert this unconjugated
form of bilirubin into a more water soluble form
called lumirubin by a photo-oxidative process and an
isomerization process that are then excreted in the
urine. The absorption spectrum of bilirubin peaks at
420 nm, thus to treat the hyperbilirubinemia a light
source with emission around 430 nm is required.
Hence the band just above 400 nm without UV
component is desired.

Figure 7 shows Ce™ emission and excitation
spectra in LaMgBsO,o host. Emission spectrum
(curve-b) shows broad emission around 440 nm
(recorded at 373 nm excitation) almost similar to
Sylvania 2466 blue, BAM phosphor”. Emission
spectrum can be attributed to transitions from lowest
crystal field component of 5d' configuration to the 4f
ground state level of Ce’. Excitation spectra
(curve-a) show strong absorption band around 373 nm
recorded at 440 nm emission. The excitation spectra
of LaMgBs0;y: Ce (1%) indicate an Hg free lamp
based on near-ultraviolet (n-UV) LEDs peaking at
370-410 nm is possible with this phosphor. This will
ensure absence of harmful UV component which can
be present in Hg discharge based lamps.

4 Conclusions

UV and blue emitting borate phosphors for their
application in phototherapy lamps are discussed.
These phosphors are prepared by simple and time
saving combustion synthesis technique. The
photoluminescence characteristics of these borate
phosphors may be compared to those of commercial
phosphors.
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