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Keyword Abstract
a-germanium Nano sized a-germanium phosphate and a-vanadyl phosphate, a-

Ge(HP04)2.1.84- H20(GeP), a-VOPO4.2.5H20(VOP), respectively,

phosphate, «a- )
were prepared and characterized, composite[a-Ge(HP04)2.]0.25[a-

vanadyl VOP04]0.75.2H20 composite was prepared using 25:75 wt/wt%

phosphate mixing ratios, respectively. Polyaniline(PAni), polyindole(PIn),

. polyimidazole(PIm) and polycarbazole(PCz)/ [a-Ge
polyaniline, : -

(HPO4)2.]0.25[VOP04]0.75 composites. The polymerization results

polyindole, from part of V+50P of the inorganic matrix is attacked by the

polyimidazole monomers respectively, converted to V+40P. The resultant materials

were characterized and found to be [GeP04)2]0.25[VOP04]0.75/ PAni
20.71 % in wt, ,PIn 5.99% in wt, PIm 36.0 % in wt, and PCz 10.47% in
polycarbazole wt. The color of resultant composites was dark green, greenish-brown,
beige and light green, respectively. Color changes support the

and

nanocomposites.
formation of the resultant nanocomposite. Their conductivity are in
range of semiconductors.
Received : 28/03/2026 Accepted : 05/04/2026

DOI: https://doi.org/10.64943/1kc.2026.040207

(]
>
=
=
<
=
=
2,
o
=
E
]
(=]
<
Q
O
&
el
(S|
«
[
(3]
=)
B
Q
n
=
o
()
-
=
fi}
=
7]
=]
=
[
5]
<
oo
=y
fas)
>
Qo
el
o
<
2]
=
é

g
<
J
>
£
=
v
¢
12
=
C
£
<
o
—-
c
12
=
G
i
i
c
G
C
£
=
@
¢
-
g
<
=
¢
£
=
<
>
3
I
C
-
T
T
£
T
C
(2
=
C
£
i
g
£
-
@
A
v
¢
g
g
@
c
T
e
c
c
@
&
Z
e
F

© 2026 JKC

Copyright ¢

96 m Taj Al-Ma'rifa Journal, 4 (2), ( june/2026). pp 96 - 113


https://histt.edu.ly/ojs/index.php/tajournal/index
https://creativecommons.org/licenses/by/4.0
https://doi.org/10.64943/jkc.2026.040207
mailto:shimaali004@gmail.com
https://orcid.org/0009-0006-4810-1689

Novel a-Germanium, -a-Vanadyl Phosphates/Polyaniline, Polyindole,
Polyimidazole and Polycarbazole Nanocomposites

(98] (A 529 bl (A 50/ Jpalild LAl s g8 g LAl gaila jd) (ha Basan Ay gl S 1
JIobS (A cdsila) (A
u:’.cn.NP. .'.0' 3 ‘ﬁ# ; . v *
Ll ealil pha el adl ddae ) )3l Lia o) 1SS0 Mall dgaall - 45 gme e sliaS

shimaali004(@gmail.com

Chmod Aals e cladix rdeyal) Caldl®
uadlal) dalidal) dalsl)
o sl W Jalldl) clingdy Wl o guile jall Cldu g Cnasiy uasd & gile el coliv
A5l e 0-VOPO4.2.5H20 (VOP) 5 Ge(HPO4)2.1.84- H20 (GeP) i g oLl
Pl [0-Ge(HPO4)2]0.25[0-VOPO4]0.75.2H20 <ol a3 )y
J53) sl 5 (PADE) ol ) SIS o piand LS B3 505525:75 Bla s &7 0 T
(PC2)[o-  Jdsi)S  Jslls  (PIm)  dsjlued  Jsdly  (PIn) D oly ol
& VHSOP (e # 3a Jeliisyalll e =ity Ge(HPO4)2.]0.25[VOPO4]0.75 <l s
Asall Cna @ o3 VHOP A dsaid ol jagigall aa Ay guimall e Adgdiaall o0 4 il LS s
A [GePO4]2]0.25[VOPOA4]0.75/ PANi e 0SS Lol iy ol 0 i )
4y PCzs <5 %36.0 4w PIms <5 %5.99 4oy PIn s ﬁujj %20.71 i
(Gmy ¢ ada s oSl uadl Al clS Al il culSy Uy 9%10.47
s g s Sl 0S5 sl s Sy Ml e mld jeasl
L0la gall o) dglia 9o (3ai (ania giila 5

2026/04/05 :Jsdll g 2026/03/28 :Jusiny) &)l
DOI:  https://doi.org/10.64943/jkc.2026.040207

1.Introduction

Intrinsic conducting, known synthetic metals and materials of 21 century They have
high environmental, stability, easy synthesis and low cost of their monomers [1-5]. Proton
doping: is one of doping methods in conducting polymers [6,7]. Shows promise
applications in various fields [1-5].

Conjugated polymers show both electrical anisotropy with higher charge carrier mobility
along the polymer backbone, [6-9].

Conducting polymers can be prepared by: chemical oxidative polymerization, (direct
polymerization, or interfacial polymerization) [10], and electrochemical method [11,12].

Metal(iv) phosphates are stable materials good thermal stabilities, good ion exchange
properties [12- 16], tendency to intercalate organic polar molecules [17], solid acid
catalysts [18] , proton conductance [19] and as sensors[19]. The water molecule of
vanadyl phosphate plays an important role in their electrical properties [20-23].. It also
shows electrochemical intercalation [24].
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2. Materials and Methods
2.1. Chemicals

VanadiumVoxide (V20s), and HF (40%) of Reidel de-Hean, Germanium tetrachloride
(GeCls) and H3PO4(85%) of BDH, Aniline (99.5%) of Mendix, Indole of Park ,Carbazole
and Imidazole of Sigma, Dimethyl sulfoxide (DMSO) and tetrahydrofuran (THF) of
Park. Others are analytical grade reagents .

2.2. Instrumentals

»  XRD.of Siemens D-500 and Philips PW1710.
(SEM) Jeol SMJ Sm 5610 LV.

» FT-IR, 6100 and Shimadzu

* Elemental analyzer Varian EL III-1, Germany.

= Ultraviolet-Visible (UV-vis) Perkin Elmer Life and Analytical sciences, 710,
Bridgeport Shelton, USA.

= pH Meter WGW 521.

* Conductivity meter 4510 from JENWAY.

2.3. Synthesis of a-VOPO4.2.5H20

a-VOPO4.2.5H,0 was prepared by refluxing method as already reported[24].
2.4. Synthesis of a-Ge(HPO4)2.1.18H20

0-Ge(HPO4)2.1.18H20 was reported according to metod reporte earlier[[25].
2.5. Synthesis of [a-Ge(HPQO4)2.] 0.34[VOPO4]o.66.2.16H20 composite

0.15 g of a-Ge(HPO4)2.1.18H20 was mixed with 0.3 g of a-VOPO4.2.5H,0, in 5Sml THF.
Ten THF was decanted and left to dry in air.

2.6. [0-Ge(HPO4)2.] 034[VOPOu4]o.ss/polyaniline, polyindole, polyimidazole and
polycarbazole) composites.

2.6.1. [a-Ge(HPQO4)2.] 0.34| VOPO4]o.66/polyaniline composite synthesis

To a mixture of 0.15 g a-germanium phosphate and 0.3 g of a-vanadyl phosphate
composite 18 ml of 4% aniline in THF were added, with stirring for 48 h. Then filtered,
washed twice with THF and dried in air.

2.6.2. Preparation of a-Ge(HPQO4)2.] 034 VOPQO4]o.66/PIn) nanocomposite.

To a mixture of 0.15 g.  a-germanium phosphate and 0.3 g of a-vanadyl phosphate
composite 22.5 ml of 4% indole in THF were added, with stirring for 48 h. Then filtered,
washed twice with THF and dried in air.
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2.6.3. Preparation of a-Ge(HPO4)2.] 0.34] VOPO4]o.66 /PIm) nanocomposite.

To a mixture of 0.15 g a-germanium phosphate and 0.3 g of a-vanadyl phosphate
nanocomposite, 13 ml of 4% imidazole in THF were added, with stirring for 48 h. Then
filtered, washed twice with THF and dried in air.

2.6.4. Preparation of a-Ge(HPQO4)2.] 034 VOPOu4]o.66 / polycarbazole (GeP-
VOP/PCz) nanocomposite.

32 ml of polycarbazole(4%)in THF were added to a mixture of 0.15 g o-germanium
phosphate and 0.3 g of a-vanadyl phosphate nanocomposite, with stirring for 48 h. Then
filtered, washed twice with THF and dried in air.

2.7. UV-Vis spectra measurement

DMSO solvent was used for extraction of for UV-vis measurements using 0.02 g of (GeP-
VOP)/Conducting polymers composite.

2.8. Electrical conductivity measurements o

Conductivity measurements were carried out at (25°C) using 4510 conductivity meter,
JENWAY using0.1 g of each resultant polymers composite dissolved in 10 ml of DMSO
solvent..

3. Results and Discussion

3.1. a-Vanadyl phosphate
3.1.1 XRD
XRD of. a-Vanadyl phosphate is shown in Figure 1. its doo1=6.86 A.

N JIL N

Figure 1: XRD pattern of VOP
3.1.2. VOP FT-IR

FT-IR spectrum of a-VOPO4.2. SHO , found to follow same trend to that already
reported[24].
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Figure 2: FT-IR spectrum of VOP

Figure 3, Thermal decomposition of a-Vanadyl phosphate is shown in Figure 1. found to
follow same trend to that already reported[24].
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Figure 3: TG/DTA/DTG of VOP

3.1.4 SEM of VOP

SEM of Nano sized a-vanadyl phosphate shown in figure 4. with flake thickness found
equal~ 76.2 nm.
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Figure 4: SEM of VOP
3.2. a-Ge(HPO4)2.1.84.H20

3.2.1 XRD of GeP

Figures 5 and 6 are represent XRD of a-Ge(HPO4)>.1.84.H>O its (doo1) equal to 7.71 A ,
with size of 44.6 nm was calculated using Scherer's equation [25]:
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Figure 5: XRD pattern of GeP
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Figure 6: XRD half maximum of the peak

3.2.2. FT-IR of GeP

FT-IR spectra of (GeP),. Is shown in Figure 7 , found to follow same trend to that already
reported[26].
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Figure 7: FT-IR of GeP
3.2.3. TGA of GeP

Thermal decomposition of a-Vanadyl phosphate is shown in Figure 8. found to follow
same trend to that already reported[26].
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Figure 8: TG/DTA of GeP
3.2.4. SEM image of GeP
Figure 9 shows SEM (GeP/PVA) nanocomposite .Its average size ~ 39.5 nm[26].

Figure 9: SEM morphology image of GeP

3.3. FT-IR of o-germanium phosphate-a-vanadyl phosphate/ polyaniline,
polyindole, polyimidazole and polycarbazole composites

Figures (10-13), show FT-IR spectra of composites(GeP-VOP)/ conducting polymers.
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Almost followed same trend .Are all consist of. Broad band in the range 3400 -2700cm”
" OH groups symmetric stretching of H,O super imposed with the N-H stretching of
aromatic amines.

Bands ranges about 2246-1948and atrange1800-1200cm™ are related to C-H and C-C,

an of C-H (aromatic) , C=C, C-N stretching bonding ,respectively’ Band at around 1620
1

cm! represent H-O-H bending, and sharp bands at about 1077cm™, 958cm™ can be
related to phosphate groups (PO4) vibration. of a-germanium and a-vanadyl

phosphates,
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Figure 10: (GeP-VOP) / PAni, FT-IR.
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Figure 11: (GeP-VOP)/PIn , FT-IR.
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‘Figure 12: (GeP-VOP)/ PIm , FT-IR.
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{¢Figure 13: FT-IR Spectrum of (GeP-VOP)/PCz , FT-IR.

3.4. SEM of (GeP-VOP)/polyaniline, polyindole, polyimidazole and polycarbazole
composites

Figures (14-17), represent SEM morphology images of (GeP-
VOP)/polyaniline, polyindole, polyimidazole and polycarbazole composites,
respectively. The polymers is disperse in the inorganic matrix
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Figure 14: (GeP-VOP)/PAni composite, SEM.

mode | det | dwell = mag O] WD HFW HV spot | srot
LFD 10ps  40000x | 10.7 mm | 10.4 ym | 30.00kV 3.0 | 359°

Figure 14: (GeP-VOP)/PIne composite .SEM.
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3:?‘ mode = det | dwell mag [J
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Figures 16: of (GeP-VOP/PCz composite, SEM

;i‘f mode | det | dwell mag [ WD HFW HV spot | srot
& | sE |ETD 10ps | 20000 x | 10.7 mm | 20.7 pm | 30.00kV | 3.0 | 359°

Figures 17: (GeP-VOP)/ PCz compositel SEM.

3.8. UV-Vis Spectra o of (GeP-VOP)/polyaniline, polyindole, polyimidazole and
polycarbazole composites|[27].
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3.8.1 UV-Vis Spectra of polyaniline

Figure 18, shows UV-Vis of extracted polyaniline by DMSO from polyaniline
composite, shows absorption peaks at 234, 300 nm and broad peak at range 400 — 475
nm and broad peak at range 525 -575 nm are related to PAni , which indicate PAni was
in the emeraldine salt form , corresponded to a m—m* transition in the benzenoid and it is
also described to exciton formation in the quinoid rings [28]. That prove aniline has
already been polymerized.
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Figure 18: UV-Vis spectra of polyaniline
3.8.21 UV-Vis Spectra of polyindole

Figure 19, shows UV-vis spectra of extracted poly indole by DMSO of polyindole. from
polyindole composite, UV-Vis spectra shows absorption peaks at 245, 300 nm, and broad
peak commenced at 305 nm, to 350nm and small broad peak at 550 nm found to follow
same trend of that reported in literature [29], that prove indole has already been
polymerized.
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Figure 19: UV-Vis spectra of polyindole
3.8.3 UV-Vis Spectra of polyimidazole

Figure 20, shows UV-Vis spectra of extracted polyimidazole by DMSO, from
polyimidazole composite. UV-Vis spectra shows absorption peak at 300 nm and small
broad peak at about 400 nm also shows broad peak commenced at 525 nm to 570 nm,
that prove imidazole has already been polymerized. Found to follow same trend of that
reported in literature [30].
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Figure20: UV-Vis spectra of polyimidazole
3.8.4. UV-Vis Spectra of polycarbazole|

Figure 21, shows UV-vis spectra of extracted polycarbazole by DMSO from
polycarbazole composite. UV-Vis shows absorption peaks at 235, 300, 330 nm and broad
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band commenced 425 nm. That prove carbazole has already been polymerized. Found to
follow same trend of that reported in literature [31].
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Figure 21: UV-Vis spectra of polycarbazole

3.9. Electrical conductivity of (GeP-VOP)/polyaniline, polyindole, polyim-idazole
and polycarbazole composites
In this work the resultant DMSO extracted polyaniline, polyindole polyimidazole and

poly carbazole from (GeP-VOP) composites were investigated for their electrical
conductivity, shows the resultant composite in range of semi conductance.

Table 1, shows electrical conductivity of polyaniline, polyindole, polyimidazole and
polycarbazole extracted by DMSO from their composites.

Table 1: Electrical conductivity of the polyaniline, polyindole, polyimidazole and
polycarbazole

Extracted CPs Conductivity (Sem™)
Pani ~1.0x 10
PIn ~1.0x107°
PIm 6.9 x10°
PCz 1.21x107

Conclusion

a-VOPO4.2.5H,O(VOP), and a-germanium phosphate, a-Ge (PO4)21.84H>O(GeP), were
prepared and characterized. Composite[GePlo2s[VOPJo.7s e was prepared and
characterized. Novel [GeP]]o.2s| VOP]o.75/PAni, PIn. , PIM and PCz, composites were
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prepared and characterized.a-V®OPO4.2 5H,0 act as self-support polymerization of the
monomers(V™converted to VIV)). The protons (H") of (OsPOH) groups were act as self-
doping

Color changes support the formation of the resultant novel conducting composites,. The
electrical conductivity found to be in range of semiconductor.

Beneficial of these novel composites, are as novel ion exchangers and as sensors.
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