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Abstract. Highly crystalline, phase pure Cu3P nanocrystals (NCs) have been successfully synthesized using
ionic liquid-assisted solvothermal method at relatively low temperature (200 °C). Herein, ionic liquids (ILs)
are used as a structure directing/templating agent. Effect of ILs and precursor concentration on crystal phase,
crystallite size, lattice strain, morphology and grain size of Cu3P NCs is studied. In the presence of IL,
crystallite size and lattice strain signiﬁcantly change with changing the concentration of red phosphorus. For
example, smaller crystallite size (38.5 nm) and compressive lattice strain are obtained when 10 times of red
phosphorous is used. However, bigger size (41.9 nm) and tensile lattice strains are obtained for the lower
concentration of phosphorous (5 times). At higher phosphorus concentration, hexagonal shaped microcrystals with prominent grain are observed. HRTEM images reveal that spherical-shaped particles on further
agglomeration through Ostwald ripening process form hexagonal-shaped bigger microstructures. However,
on doping the rare-earth ions (RE3? = Ce3?/Tb3?) in the Cu3P NCs show the green luminescence (at 542 nm)
which is attributed to the emission of Tb3? ions. To the best of our knowledge, this is the ﬁrst report on rareearth doped Cu3P nanoparticles and shows promise on the luminescence aspect of Cu3P nanomaterials along
with its already existing plasmonic and semiconducting properties.
Keywords. Nanocrystals; rare-earth; copper phosphide; photoluminescence; ionic liquids.

1. Introduction
Recently nanocrystalline transition metal phosphides
have been emerged as a promising class of semiconducting nanomaterials for numerous applications.1–18
For instance, CoP, NiP and FeP nanoparticles have
been employed as a electrocatalyst for hydrogen evolution and lithium ion storage.3,4 However, CdP, InP
and Zn3P2 nanoparticles have shown prominent optical
properties leading to numerous optical applications
such as photovoltaic, telecommunication and so
on.5–10 Amongst those, copper phosphide (Cu3P) is
selected due to various reasons which make it a
promising candidate for optoelectronic applications
due to having both the plasmonic and semiconducting
properties. Copper is a very cheap element, non-toxic

and has high natural abundance. In addition, Cu3P has
dual properties; it can be used in high efﬁciency
catalysis and also exhibits plasmonic property.19–22 As
a result, it is extensively employed for various applications including superconductivity, potential in
magnetic recording media, anode materials in lithium
ion battery, showing good electrochemical performances, light emitting, photovoltaic, oxygen reduction
reaction, carbon dioxide reduction, methanol/ethanol
oxidation, water splitting and so on.2,12–18 Cu3P NCs
are P-type semiconducting nanomaterials with band
gap of about 1.3–1.6 eV. Judicious choice or fabrication of synthesis protocols is utmost important to
control the size of Cu3P NCs which will control the
size dependent optical properties.19–21 Many
researchers have synthesized Cu3P NPs at high
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temperature using several methods. For examples,
mechanochemical, solvothermal reactions, co-reaction
using organometallic reagents with phosphines are
employed which leads to different types of structural
and optical properties.11,22–25 Most of the researchers
have used P2S5, yellow/red/white phosphorus, tricotyl
phosphine (TOP) and phosphine gas as a phosphorous
precursor.19–25
Doping of transition metal or rare-earth (RE3?) ions
in semiconducting nanomaterials is very interesting to
obtain nanomaterials with desired properties including
optical, photocatalytic activity, etc.26–29 There are
numerous semiconducting nanomaterials like ZnS,
In2S3, GaN, etc. which have been used as host matrix
for doping of RE3? ions (Er3?, Ce3?, Eu3?, etc.) for
getting luminescent nanomaterials for various applications.26–29 Interestingly, excitation and emission
spectra of RE3? doped luminescent nanomaterials are
independent of size of host matrix due to conﬁned 4f–
4f intraconﬁgurational transitions which are highly
shielded by 5s and 5p orbitals.30–32 Till now, the literature related to RE3? doped Cu3P NCs is not
reported to the best of our knowledge. Cu3P nanomaterials show semiconducting as well as plasmonic
property.19 However, judicious doping of RE3? ions in
Cu3P NCs would increase its applications in visible
region of solar spectra.
Normally, for the preparation of nanoparticles and
tuning their crystal phase, morphology and band gap,
amine-based capping/templating agents are being
employed which have drastic impact on the environment.33–38 In this context, it has become an obligation
to develop the environmentally benign synthesis protocols to design the nanoparticles with desired functions. So, IL-assisted synthesis of nanoparticles is
getting tremendous attention.33–38 ILs usually possess
organic/inorganic cation and inorganic anion moieties
and having melting point below 100 °C in ambient
conditions. By varying the alkyl chain length of cation,
nature of cation (aromatic or non-aromatic) and anion,
changing the cation–anion combination, concentration
and viscosity, the physicochemical properties of ILs
can be tuned which will further tune the structural and
optical properties of nanomaterials.34–36 Thus, ILs are
considered as a ‘‘green and designer solvent’’. In many
cases, ILs are not only being employed as a capping/
templating agent, solvent but also can be used as a
reaction partner too.11,33,34,38
Herein, we have successfully synthesized Cu3P NCs
using IL-assisted solvothermal method. Thereafter,
inﬂuence of ILs and red phosphorus concentration on
the crystal phase, lattice strain, and morphology of
Cu3P NCs is studied. It is noticed that crystallite size is
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decreasing with phosphorus concentration in the
presence of 1-ethyl-3-methylimidazolium bromide
([C2mim]Br) IL. Lattice strain changes from tensile to
compressive with increasing phosphorus concentration. Substantial effect of ILs is found on the morphology and grain boundary of Cu3P NCs. It is noticed
that in case of ally-based IL, grain boundary is not so
much prominent and surface is smoother than that of
other ILs. Furthermore, on doping of Ce3?/Tb3? ions
in Cu3P NCs, emission is obtained in green region.
2. Experimental
2.1 Chemicals
Cuprous chloride [CuCl] (LobaChemie, 99.9%), Red
phosphorous [P] (LobaChemie, 99.9%), 1-methylimidazolium [C4H6N2] (Alfa Aesar, 99%), 1,2-dimethyl imidazole [C5H8N2] (Sigma Aldrich 99%), Bromoethane
[C2H5Br] (Himedia, 99%), Bromobutane [C4H9Br] (Himedia, 99%), Allyl bromide [C3H5Br] (Himedia, 99%),
Tetramethyl ammonium bromide [(CH3)4NBr] (TMAB)
(Himedia, 99%), Ethyl acetate [C2H5COOCH3] (LobaChemie, 99%) Acetone [C3H6O], (LobaChemie, 99.5%),
Diethyl ether [(C2H5)2O] (LobaChemie, 99%), Deionized
water [H2O] (CDH).

2.1a 1-ethyl-3-methyl imidazolium bromide [C2mim]
Br: Modifying a literature procedure, 1-ethyl-3-methylimidazolium bromide [C2mim]Br is synthesized by
incorporation of 12.4 mL bromoethane [C2H5Br], and
10 mL N-methyimidazole [C4H6N2] and reﬂuxed in a
round bottom ﬂask (250 mL) at 40 °C for 4 h in an inert gas
(Ar) atmosphere. After the completion of reaction, the
obtained product was washed with ethyl acetate [C4H8O2]
and stirred for 1 h. Then it was ﬁltered and dried in vacuum
for 12 h to get a white solid.39

2.1b 1-Ethyl- 1,2-dimethylimidazolium bromide [C2
dmim]Br: Modifying a literature procedure, 1,
2-dimethyl-imidazolium, [C2dmim]Br is synthesized by
mixing of 53.82 mL of 1,2-dimethyl imidazole, and 58.91
mL of bromoethane and then reﬂuxed in a round bottom
ﬂask (250 mL) under inert atmosphere at 40 °C for 3 h.
After the completion of reaction, the obtained product was
washed with ethyl acetate and stirred for 1 h. Then it was
ﬁltered and dried in vacuum for 12 h to get a white solid.40

2.1c 1-Allyl-3-methylimidazolium bromide [Amim]
Br: Modifying a literature procedure, 1-allyl-3-methylimidazolium bromide [C7H11BrN2] is synthesized by mixing
N-methyimidazole [C4H6N2] and allyl bromide [C3H5Br],
and then reﬂuxed in a round bottom ﬂask (250 mL) under
inert atmosphere at 40 °C for 3 h. After the completion of
reaction, the obtained product was washed with ethyl
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acetate and stirred for 1 h. Then it was ﬁltered and dried in
vacuum for 12 h to get a white solid.40

2.2 Synthesis of Cu3P NCs
First judicious amount of ILs (for example, 0.5 g
[C2mim]Br), Cuprous chloride (0.669 g) and Red phosphorous (0.0698 g) are mixed with deionized water. Then
the solution is stirred at room temperature for 5 min and
the mixture was poured into a Teﬂon lined autoclave and
heated at 200 °C for 14 h. When the autoclave was cooled
to room temperature in ambient condition, the black product was centrifuged (2000 rpm for 10 min) and was
washed with water and diethyl ether to remove the other
impurities. And the ﬁnal black product was dried in a hot
air oven for 12 h.

2.3 Synthesis of doped Cu3P:Ce3?/Tb3? NCs
Here we have synthesized Cu3P:Ce3?/Tb3? NCs using the
above-mentioned method for undoped Cu3P NCs. Here only
Cerium nitrate (0.0099 g) and Terbium nitrate (0.0100 g)
are mixed along with Copper and Phosphorus precursors.
Thereafter, as-obtained particles are washed using the same
procedure.

2.4 Characterizations
PXRD was carried out on a D8 Advance BRUKER,
equipped with Cu-Ka (1.54060 Å) as the incident radiation.
The crystallite size was calculated using Scherer equation
D = Kk/bcosh, where D represents crystallite size (Å), K=
0.9, k is the wavelength of Cu-Ka radiation and b is the
corrected half width of the diffraction peak. Morphological
characterization was also carried out by SEM using a
NOVA NANO SEM-450, FEI. TEM (FEI Tecnai STWINT30 using 200 kV electron beam source) was used to map
the shape, size and lattice structure of the NCs dispersed on
a carbon-coated copper grid from acetone solution. Photoluminescence emission and excitation spectra were measured through HORIBA JOBIN YVON made Fluoromax-4
spectroﬂuorometer.

3. Result and Discussion
3.1 Structural analysis using PXRD
3.1a Effect of reaction temperature and reaction
time: First different synthesis parameters like
reaction temperature and reaction time are tuned to
optimize the synthesis for Cu3P nanoparticles
(Figure 1). Here, the concentration of phosphorous is
taken 5 times more than its stoichiometric

Figure 1. PXRD patterns of Cu3P NCs: (a) Standard
Cu3P, (b) prepared in presence of [C2mim]Br, at 150 °C for
24 h reaction time; (c) prepared in presence of [C2mim]Br,
at 200 °C for 9 h reaction time; (d) prepared without IL at
200 °C for 14 h, and (e) prepared in presence of [C2mim]Br,
at 200 °C for 14 h reaction time. All are prepared using 5
times phosphorus.

concentration in all cases. When the synthesis is
performed at 150 °C for 24 h in the presence of
[C2mim]Br IL, there is no formation of phase pure
Cu3P NCs (Figure 1b). Impurity at lower angle (2h =
27.23) is observed due to presence of unreacted
cuprous chloride (shown by asterisk *). This indicates
that the reaction is not completed at 150 °C.
Thereafter, reaction temperature is increased to
200 °C and reaction time is gradually increased to 9,
14 and 24 h. Similar impurity of unreacted cuprous
chloride (shown by asterisk *) is observed for the
synthesis occured at 200 °C for 9 h (Figure 1c). Phase
pure Cu3P NCs are obtained from 14 h reaction time at
200 °C (Figure 1d, e). All peaks are nicely matching
with JCPDS card no. 71-2261. For the remaining
reactions, reaction temperature and time are set to
200 °C and 14 h respectively (shown in Table 1). No
change in crystal phase of NCs is noticed. However,
crystallite size is considerably changed. For example,
bigger crystallite size (ca. 49.9 nm) is obtained in
absence of IL in comparision to that of NCs (41.9 nm)
which are synthesized using IL ([C2mim]Br), under
similar experimental conditions (Figure 1d, e and
Table 1). This clearly indiactes that IL is working as
a capping agent or templating agent in the nanoparticle
synthesis.
3.1b Effect of phosphorous concentration: Like
reaction temperature and reaction time, concentration
of phosphorous has also signiﬁcant effect in
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Table 1. Cu3P NCs, their reaction time, reaction temperature, phosphorous concentration, particle size and their lattice
strain.
Sample
code*

Ionic liquid
(IL 1%)

Reaction
time (h)

Reaction
temperature (oC)

Conc.
(P)*

Particle size
(nm)

Lattice
strain (%)

Tensile/compressive

CP1
CP2
CP3
CP4
CP5
CP6

NO
[C2mim]Br
[C2mim]Br
[Amim]Br
TMAB
[C2dmim]Br

14
14
14
14
14
14

200
200
200
200
200
200

5P
5P
10P
5P
5P
5P

49.9
41.9
38.5
49.3
45.8
45.1

9.22
5.95
- 3.02
6.72
6.88
7.59

Tensile
Tensile
Compressive
Tensile
Tensile
Tensile

*CP = Cu3P, P = phosphorous concentration.

phosphorus concentration respectively under the
similar reaction conditions. From this, it is clearly
evident that concentration of red phosphorus has
signiﬁcant impact on the purity and crystallite size
of as-obtained NCs.
3.1c Effect of ionic liquids (ILs): After studying the
inﬂuence of phosphorus concentration, role of
different ionic liquids (ILs) such as [C2mim]Br,
[C2dmim]Br, [Amim]Br, and TMAB are studied
(Figure 3). Here, we have tuned ILs by substituting
the acidic proton situated at C-2 position, alkyl group
at C-1 position (ethyl, allyl) and taking IL with nonaromatic system (tetramethylammonium ion). Then it
is studied how these inﬂuence on the crystal phase,
crystallite size of the Cu3P NCs. It is noticed that the
Figure 2. PXRD patterns of Cu3P NCs: (a) Standard
Cu3P JCPDS Card, (b) prepared with 3 times phosphorus
concentration at 200 °C for 24 h, (c) prepared with 5 times
phosphorus concentration at 200 °C with 14 h, and (d) prepared with 10 times phosphorus concentration at 200 °C for
14 h. In all cases [C2mim]Br IL is used.

nanoparticle formation (Figure 2). No phase pure
Cu3P nanoparticles are formed till 3 times
phosphorus concentration (Figure 2b). In this case,
unreacted CuCl is obtained as impurity which is
indicated by asterisk (*). However phase pure Cu3P
nanoparticles with cubic phase are observed when 5
times phosphorous is used at 200 °C and with 14 h
reaction time (Figure 2c). When phosphorous
concentration is increased to 10 times, no change in
crystals phase is observed (Figure 2d). However,
signiﬁcant effect on crystallite size of the Cu3P NCs
under the similar conditions is noticed. Crystallite size
is gradually decreasing with increasing the phosphorus
concentration. For instance, 41.9 and 38.5 nm
crystallite size is obtained for 5 and 10 folds red

Figure 3. PXRD patterns of Cu3P NCs: (a) Standard
Cu3P JCPDS Card, (b) prepared in presence of [C2mim]Br,
(c) prepared in presence of [C2dmim]Br, (d) prepared in
presence of [Amim]Br and (e) prepared in presence of
TMAB. All are synthesized using 5 times phosphorus and in
the presence of different ILs (1%) at 200 °C and 14 h.
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crystal phase is same in all the cases. But there is a
change in the crystallite size. For example, when
[C2mim]Br is used, 41.9 nm is noticed for the
crystallite size. Here it can be anticipated that
binding to the nanoparticle site can occur through
aromatic p system or H bonding. To conﬁrm this, we
have used [C2dmim]Br where H at C-2 position is
replaced by a methyl group and crystallite size is
noticed increasing (45.1 nm). So it gives a clear
indication that along with aromatic p system,
hydrogen bonding is also playing an important role.
When [Amim]Br is used (Figure 3d), 49.3 nm is
observed for crystallite size which is bigger than the
[C2mim]Br. This clearly indicates that due to bigger
size allyl group in C-1 position, IL cation facing
steric hindrance compared to [C2mim]Br analogue.
Similarly 45.8 nm crystallite size is obtained when
IL with non-aromatic system like TMAB is used
(Figure 3e). Our study conﬁrms that binding of ionic
liquids at the nucleation site of Cu3P is very
important to obtain nanoparticles of desired crystallite site.

3.2 Lattice strain
Normally, lattice strain varies with changing the
crystallite size of NCs. This can be rationalized using
the Williamson-Hall equation which can be expressed
as:
b cos h=k ¼ 1=D þ g sin h=k

ð1Þ

where b is the full width at half-maximum (FWHM), h
is the diffraction angle, k is the X-ray wavelength, D is
the effective crystallite size and g is the effective
strain. On plotting graph between bcosh/k vs sin h/k,
the lattice strain can be determined from the slope. The
positive and negative magnitudes of the slope infer the
tensile and compressive strain respectively.
Lattice strain results clearly show that by varying
the concentration of red phosphorus, tensile strain is
decreasing and then render to compressive strain (Figure 4a, e). For instance, when 5 times phosphorus
concentration is used, tensile strain (5.95%) is found
(Figure 4a). On the other hand, on increasing the
concentration of phosphorus to 10 folds, lattice strain
is changed to compressive strain (-3.02%) [shown
in Figure 4e]. These changes can be illustrated on
the basis of crystallite size. Interestingly, in the
presence of [C2mim]Br IL, when 10 folds concentration of red phosphorus was employed, smallest
crystallite size (i.e. 38.5 nm) is found. In other
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Figure 4. Lattice strain of as-prepared Cu3P NCs: (a) 5
times phosphorus with [C2mim]Br IL, (b) 5 times phosphorus with [C2dmim]Br IL, (c) 5 times phosphorus with
[Amim]Br IL, (d) 5 times phosphorus with TMAB IL and
(e) 10 times phosphorus with [C2mim]Br IL. All are
synthesized using (1%) IL at 200 °C for 14 h.

words, this size can be attributed to critical size of
Cu3P NCs from where compressive strain is
observed. Maximum value of tensile strain (9.22%)
is obtained for the Cu3P NCs which are synthesized
using no IL (Figure S1, Supplementary Information).
However, value of tensile strain is found less for
sample which is synthesized using IL than that of
sample synthesized without IL. It means, ILs are
serving as capping agent. Interestingly, on changing
the alkyl chain length, removing acidic proton situated at C-2 position of imidazolium cation and
changing the nature of cation from aromatic cation
(imidazolium) to non-aromatic (tetramethylammonium) cation of IL, signiﬁcant inﬂuence on lattice
strain is observed. Tensile strain gradually increases
with changing the ILs (Figure 4a–d).

3.3 Morphology analysis by scanning electron
microscopy
Figure 5 depicts the FESEM images of as-prepared
Cu3P NCs at different concentration of phosphorus and
ILs which are synthesized using solvothermal method.
These images illustrate that bigger size of particles
with prominent grain is occurring in the absence of IL
while the particles are comparatively smaller and
having less prominent grain boundary in the presence
of [C2mim]Br IL, prepared under the same reaction
condition (shown in Figure 5a, b). And morphology of
Cu3P NCs is irregular shaped. However, when the
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Figure 5. FESEM images of Cu3P NCs: (a) 5 times phosphorus without IL, (b) 5 times phosphorus with [C2mim]Br IL,
(C) 10 times phosphorus with [C2mim]Br IL, (d) 5 times phosphorus with [C2dmim]Br, (e) 5 times phosphorus with
[Amim]Br IL and (f) 5 times phosphorus with TMAB IL which are synthesized at 200 °C for 14 h.

concentration of red phosphorus increased to 10 folds,
remarkable change in morphology is observed, not
only the grain boundary is changing but also shape of
Cu3P NCs is becoming to regular hexagonal-shaped
particles (Figure 5c). In other words, hexagonal shape
can be further conﬁrmed by ﬁnding the numbers of
particles present around the centre particle. For
instance, each central particle is surrounded with six
different particles as can be seen in Figure 5d. It means
each particle is coordinated with six different particles
resulting in appearance of hexagonal shape. In the case

of [Amim]Br, grain boundary is not clear and surface
of particles is smoother compared to the particles
which are synthesized using other ILs or without IL
(shown in Figure 5e and S2E).
From Figure 5f and S2F, it is seen that mainly
pentagonal nanoagglomerate is observed when TMAB
is used. Above analysis clearly reveals that ILs have a
considerable impact on morphology of the as-prepared
Cu3P NCs. High magniﬁcation FESEM images of
these samples are shown in Figure S2, Supplementary
Information.
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Figure 6. High resolution and low (inset) resolution TEM images of as-prepared Cu3P NCs: (a) without IL, (b) with
[C2mim]Br, (c) with [Amim]Br and (d) with TMAB. All samples are prepared using 5 times phosphorus with different ILs
(1%) at 200 °C for 14 h.

3.4 Morphology analysis by transmission electron
microscopy
To get more insight about the growth of particles at
nanoscale, low magniﬁcation and HRTEM images are
analyzed (Figure 6). These images are basically made up
of spherical-shaped particles, which are on further
agglomeration through Ostwald ripening leading to form
hexagonal-shaped bigger microstructures (Scheme 1).
It has been seen that, particles are more agglomerated
in the absence of IL than that of NCs which are prepared
in the presence of IL (Scheme 1 and Figure 6a, b).
Being spherical and easily disturbed with electron beam
during measurement, apparently it was difﬁcult to see
lattice fringes. Interestingly, it has been noticed that in
the absence and presence of IL except TMAB, particles
seem more or less spherical (Figure 6a–c). On the other
hand, in presence of TMAB, particles have not prominent shape (Figure 6d). At the same time, spherical
nanoparticles are obtained when [Amim]Br is used
(Figure 6c). It is clearly noticed that radius of the
spherical nanoparticles will be 10–15 nm.

3.5 Energy Dispersive X-ray analysis (EDX)
To conﬁrm whether the dopant ions (Ce3? and Tb3?)
are properly incorporated in the Cu3P NCs or not, EDX
of as-prepared Ce/Tb co-doped Cu3P NCs is measured.
EDX result clearly shows that Ce3? and Tb3? ions are
nicely incorporated in the Cu3P NCs (Figure 7).

3.6 Optical property
Along with pure and undoped Cu3P NCs, RE3? ions
(Ce and Tb) doped Cu3P NCs are also prepared.
Figure 8a, b depict the excitation and emission spectra
of Ce/Tb co-doped Cu3P NCs which are prepared
using [C2mim]Br IL at 200 °C. As-prepared Cu3P:Ce/
Tb NCs are black powder. So there is a signiﬁcant
challenge to get good emission. On exciting the Ce3?doped Cu3P NCs at 278 nm, broad emission peak
around 340–380 nm appears which corresponds to 5d–
4f transition of Ce3? ion (Figure S3 a, b, Supplementary Information).30,31 Figure 8a shows the
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Scheme 1. Schematic representation of synthesis of Cu3P and Ce/Tb co-doped Cu3P nanocrystals in presence of ionic
liquids.

Figure 7. EDX of as-prepared Ce/Tb co-doped Cu3P NCs
synthesized using 5 times phosphorus with [C2mim]Br IL at
200 °C and 14 h.

excitation spectra of Ce3? and Tb3? co-doped Cu3P
NCs being monitored at 542 nm. Appearance of peak
at 278 nm is due to 4f–5d transition.30,31 On exciting at
278 nm, normally energy transfer is taking place from
Ce3? to Tb3? ions.30,31
Thereafter, non-radiative decay occurs to the excited
level 5D4 of Tb3? ions followed by radiative decay to
numerous underlying levels 7F0-6 of Tb3? ions. As a
result, characteristic emission peaks of Tb3? ion at 482,
542, 585 and 621 nm correspond to 5D4–7F6, 5D4–7F5,
5
D4–7F4 and 5D4–7F3 transitions, respectively are
found in Cu3P:Ce/Tb NCs (shown in Figure 8b).30,31
The highly intense green emission is observed at
542 nm (5D4–7F5 transition) which is regarded as
magnetic dipole transition of J = ±1 (Figure 8b).30,31

Figure 8. Photoluminescence spectra of as-prepared Ce3? and Tb3? co-doped Cu3P NCs: (a) excitation spectrum [kem =
542 nm] and (b) emission spectrum [kex = 278 nm]. This sample is synthesized using 5 times phosphorus with [C2mim]Br
IL at 200 °C for 14 h.

J. Chem. Sci. (2019)131:93

4. Conclusions
In summary, we have successfully synthesized Cu3P
NCs using ILs assisted solvothermal approach. Herein
ILs are employed as structure directing agent. Analysis
reveals that ILs, reaction temperature, concentration of
red phosphorous and reaction time has signiﬁcant
effect on crystallite size, lattice strain and morphology
of Cu3P NCs. Crystallite size is decreased on
sequentially increasing the phosphorus concentration.
Consequently, lattice strain is also changed from tensile to compressive when high phosphorous concentration is used. However, crystallite size of as-prepared
Cu3P NCs is found less in the presence of ILs compared to the NCs synthesized without IL. In addition,
morphology is also signiﬁcantly changed in the presence of IL and concentration of phosphorus. Shape of
Cu3P NCs gradually changes from spherical to
hexagonal or pentagonal-shaped. Furthermore, we
have successfully doped the Ce and Ce/Tb ions in
Cu3P NCs which is further conﬁrmed through EDX
analysis. As a result, green emission is found on
exciting the Ce/Tb-doped Cu3P NCs. This emission is
attributed to energy transfer process which is taking
place from Ce3? to Tb3? ion. This result conﬁrms that
other rare-earth ions can also be incorporated inside
Cu3P NCs which may enhance the applications aspects
of Cu3P NCs. Along with its interesting semiconducting and plasmonic properties, Cu3P nanomaterials
can be used as luminescent materials also when they
are doped with judiciously chosen rare-earth ions. For
example, by doping with Er3?/Yb3? ions in Cu3P host
lattice, efﬁcient upconverting materials can be
obtained. However by doping with Gd3?/Eu3? ions,
quantum cutting materials useful for energy efﬁcient
lighting may be obtained. In addition, understanding
the band gap and photoluminescence properties of
Cu3P nanomaterials is very much important to explore
various important applications.
Supplementary Information (SI)
Lattice strain of Cu3P NCs synthesized using 5 times
phosphorus, without IL and at 200 °C for 14 h (Figure S1).
FESEM images of as-prepared Cu3P NCs: A) 5 times
phosphorus without IL, B) 5 times phosphorus with [C2mim]Br, C) 10 times phosphorus with [C2mim]Br, D) 5
times phosphorus with [C2dmim]Br, E) 5 times phosphorus
with [Amim]Br, and F) 5 times phosphorus with TMAB
which are prepared at 200 °C for 14 h (Figure S2). Photoluminescence spectra of as-prepared Ce doped Cu3P NCs:
(a) excitation measured at kem = 372 nm and (b) emission at
kex = 278 nm synthesized using 5 times phosphorus with
[C2mim]Br IL at 200 °C and 14 h (Figure S3,
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Supplementary Information) are available at www.ias.ac.in/
chemsci.
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