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A. Bautista Hernández • R. J. Delgado Macuil • J. Dı́az Reyes • E. Chigo Anota

Received: 5 November 2014 / Accepted: 31 January 2015 / Published online: 3 March 2015
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Abstract Colloidal suspensions of semiconductor InP

nanocrystals were prepared using the reaction of indium

myristate and tris(trimethylsilyl)phosphine in 1-octadecene

at elevated temperatures. The semiconductor nanocrystals

are highly crystalline, monodisperse and soluble in various

organic solvents. Thermal properties of toluene containing

4.6 nm InP semiconductor with different percentage mass

(6.0–16.0 %) were measured using the mode-mismatched

dual-beam thermal lens technique. This was performed to

determine the effect on nanofluids’ thermal diffusivity

caused by the presence and concentration of semiconductor

nanocrystals. The characteristic time constant of the tran-

sient thermal lens was estimated by fitting the experimental

data to the theoretical expression for transient thermal lens

to determine the thermal diffusivity of the semiconductor

nanofluids (toluene containing InP nanocrystals). The re-

sults obtained show that the nanofluids’ thermal diffusivity

depends strongly on the contents of the nanocrystals. The

thermal diffusivity enhancement in nanofluids is negative

when concentration of nanocrystals increases. Such be-

havior differs from other nanofluids, since they have shown

positive thermal diffusivity enhancements. The minimum

diffusivity was achieved on nanofluids with higher con-

centrations. A possible explanation for such low thermal

diffusivity of the nanofluids with semiconductor

nanocrystals is given. In order to characterize the InP

nanocrystals, the following techniques were used: UV–Vis

spectroscopy, transmission electron microscopy and high-

resolution electron microscopy.

Keywords Thermal diffusivity � Thermal lens �
Nanofluids � Semiconductor nanocrystals � InP

nanoparticles

Introduction

After their variations of thermal properties were reported at

the end of last century [1], nanofluids (which are mixture of

solid nanoparticles in a liquid) are new compound liquids

that had obtained a lot of interest [2–5]. Small amount of

nanoparticles has significantly increased thermal conduc-

tivity of liquids such as water, ethylene glycol and oil when

they are dispersed in these liquids. Although research

studies on the thermal transport properties of nanofluids

have been extensively performed [6–9], these have been

limited to study of the enhanced thermal conductivity of

nanofluids containing different types of nanoparticles such

as oxides, pure metallic and carbon nanotubes using dif-

ferent techniques [10–15]. Thermal diffusivity is key to

evaluate its thermal performance under flow conditions and

in convective heat transfer-based applications, and despite
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e-mail: jfsanchez@ipn.mx

S. F. Arvizu Amador � J. L. Jiménez Pérez
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this, very few efforts have been made to determine it. In

recent years, we have seen an increasing interest in the

measurement and modeling of the thermal diffusivity

properties in fluid suspensions containing nanometer-sized

metallic particles [16–19]. However, semiconductor crys-

tals are expected to significantly modify liquid’s thermal

diffusivity behavior due to the ability of tailoring their

nanometer size [20]. The thermal properties of the semi-

conductor nanocrystals could deviate substantially from the

bulk value due to the larger surface to volume ratio and

explicit surface reconstruction effects, which could lead

possibly to phonon scattering and confinement, especially

at small diameters [21, 22]. A dramatic decrease in the

thermal transport (conductivity) of semiconductor

nanoparticles, as the particle size becomes from the same

order as the phonon mean free path, has been very recently

observed [23]. This interesting thermal behavior was used

to obtain nanofluids, which exhibit negative thermal

transport enhancements or a decrease in the effective

thermal conductivity of the dispersion compared with that

of the base liquid. This behavior is different from the other

nanofluids, which have been shown to exhibit positive

thermal transport enhancement.

The interest in nanofluids containing semiconductor

nanocrystals is fueled by their significant potential in var-

ious technological applications such as DNA tagging or

aqueous monitoring for biological and chemical changes in

a given environment, targeting thermal agents in medical

therapies with extended precision of thermal effects below

cellular dimensions [24, 25]. With this motivation, in this

work, we report measurement of the thermal diffusivity of

semiconductor nanofluids in order to determine the effect

of the presence of semiconductor nanocrystals and con-

centration of InP on the thermal diffusivity (DN) of semi-

conductor nanofluids. Thermal diffusivity measurements

are carried out in toluene containing 4.6 nm InP nanopar-

ticles with different concentration using the thermal lens

spectroscopy (TLS) [26, 27]. This technique is a reliable

photothermal alternative to measure thermal diffusivity of

semiconductor nanofluids with high sensitivity, which is

totally noninvasive, the experimental apparatus and the

data analysis are rather simple, and it does not require any

type of preparation of the sample and can be applied to a

wide range of semitransparent materials from nanofluids to

solids. We used the mode-mismatched dual-beam thermal

lens technique to measure the thermal diffusivity of

nanofluids containing semiconductor nanocrystals. To the

best of our knowledge, there is no study on the determi-

nation of the negative thermal diffusivity of nanofluids

containing InP nanocrystals with different percentage mass

(6.0–16.0 %). Besides, the size and optical properties of

the samples were investigated using UV–Vis spectroscopy,

transmission electron microscopy (TEM) and high-

resolution transmission electron microscopy (HRTEM)

techniques.

Experimental

Sample preparation

In order to prepare the semiconductor nanofluids, the InP

nanocrystals were first synthesized using a chemical syn-

thesis process [28] and then dispersed in toluene. The

samples were then subjected to ultrasonic processing to

obtain uniform dispersion. Firstly, the precursor of indium

(indium myristate, In(MA)) was prepared and 0.1 mmol of

indium acetate (InAc3) was mixed under inert atmosphere

with 0.3 mmol of myristic acid and 7.0 mL of 1-oc-

tadecene (ODE) in a 50-mL three-neck flask equipped with

a condenser. The mixture was heated to 100 �C during 2 h

under vacuum to obtain an optically clear solution, back-

filled with Ar gas and cooled down at room temperature.

In another 50-mL three-neck flask equipped with a con-

denser, 0.2 mmol of dodecanethiol (DDT), 0.2 mmol of

tris(trimethylsilyl)phosphine (P(TMS)3), 10 mL of ODE

and 0.2 mmol of In(MA) were stirred under inert atmo-

sphere. The mixture was then heated to 250 �C of tem-

perature for 2 h, and the temperature was then decreased at

room temperature. The colloidal dispersions of InP prepared

are stable with 4.6 nm in average diameter. The nanocrystals

were repeatedly purified with chloroform/methanol/acetone

(1:1:10 vol:vol:vol) followed by centrifugation, to remove

the starting materials and side products. In order to obtain

nanofluids containing InP nanoparticles with different per-

centage mass, the colloidal dispersion was collected by

centrifugation and subsequently dried in vacuum at 60 �C
for 1 h. Finally, the black powder was dissolved in toluene to

obtain different semiconductor nanoparticles concentrations

(6.0, 8.0, 10.0, 12.0, 14.0 and 16.0 mass/%) and was placed

in a quartz cuvette of 1 cm thick for the optical and thermal

measurement. The semiconductor nanofluids were stable for

months without significant changes in the spectral pattern.

All the experiments were performed at room temperature

and subjected to ultrasonic processing prior to each

measurement.

All chemicals used were of analytical grade from Sig-

ma-Aldrich Corporation (St. Louis, MO, USA), and they

were used as received; HPLC water was used in all times to

wash the laboratory equipment used in the preparation of

the nanofluids system.

Characterization

Room-temperature optical absorption spectrum of the col-

loidal sample was recorded using an UV–Vis–NIR
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scanning spectrophotometer (Shimadzu UV 3101PC dou-

ble beam). For electron microscopy analysis, two micro-

scopes, Jeol JEM200 and Tecnai 200 TEM, were used for

the low magnification and high-resolution observations of

the samples, respectively. HRTEM images were digitally

processed by using filters in the Fourier space. For TEM

observations, a drop of colloidal solution was spread on

Formvar carbon deposited on copper microgrid and dried

in vacuum.

Theory of thermal lens

The thermal lens (TL) effect of such nanofluids was based

on their laser-induced heating and time-resolved monitor-

ing on the thermal effects. The TL effect is caused by the

deposition of heat via non-radiative decay processes after

the laser beam, with Gaussian profile, which has been ab-

sorbed by the sample. In this situation, a transverse tem-

perature profile, DT(r, t), is established in the sample. The

temporal evolution DT(r, t) is scaled according to charac-

teristic time constant:

tc ¼
x2

e

4D
ð1Þ

where xe is the excitation laser beam radius in the sample

and D is the thermal diffusivity. Owing to DT(r, t), a

temperature coefficient of the optical path length change,
ds

dT
¼ dn

dT
(for liquids) is generated, creating a lens-like op-

tical element: the so-called TL effect. The propagation of a

probe laser beam through this TL results in a variation of

its on-axis intensity, which can be calculated using

diffraction integral theory. In transient regime, an analy-

tical expression can be obtained for the probe beam in-

tensity, I(t) [29]:

I tð Þ ¼ Ið0Þ

1 � h
2

tan�1 2mV

1 þ 2mð Þ2þV2
h i

tc
2t
þ 1 þ 2mþ V2

0
@

1
A

2
4

3
5

2

ð2Þ

where

V ¼ Z1

Zc

ð3Þ

m ¼ xp

xe

� �2

ð4Þ

h ¼ �PeAel0

kkp

dn

dt

� �

p

ð5Þ

In Eq. (2), I(0) is the initial value of I(t) when t is zero; h is

the thermally induced phase shift of the probe beam after

its passing through the sample; Zc (12.89 cm) is the con-

focal distance of the probe beam; and Z1 (8.0 cm) is the

distance from the probe beam waist to the sample, re-

spectively. xp is the probe beam spot sizes in the sample;

Ae is the optical absorption coefficient at the excitation

beam wavelength ke; kp is the probe beam wavelength; l0 is

the sample thickness; and dn

dT
is the temperature dependence

of the sample refractive index. Then, by fitting the equation

of I(t) (Eq. 2) to the experimental data, as a function of

time (t), it is possible to obtain the nanofluid thermal dif-

fusivity of the nanofluid (Eq. 1) from tc and h as adjustable

parameters.

Figure 1 is the schematic representation of the TL ex-

perimental setup. The excitation laser is an Ar? laser, at

k = 514 nm, which was focused by a converging lens L1

(xe = 40 lm), and the sample was placed at the focal

plane of the lens 1. M1 and M2 are mirrors. Exposure of

the sample to the excitation beam was controlled by means

of a shutter, which was connected directly to the trigger of

a digital oscilloscope. A He–Ne laser probe beam of 4 mW

was focused with a lens L2. The probe beam (at an angle /
& 3.0� with the excitation beam) was incident on the

sample and carefully centered to pass through the thermal

lens to maximize the thermal lens signal. After passing

through the sample, the probe beam is reflected by mirrors

M3, M4 and M5 to a pinhole mounted before a photodiode

or photodetector (D). A band-pass filter 1, at the He–Ne

laser wavelength, was placed over the photodiode to pre-

vent stray light from entering the photodetector. The spot

size of the probe beam at the pinhole was 10 cm because of

scattering by the sample, and the radius of the pinhole used

here was 0.5 cm. The output of the photodiode was cou-

pled to the digital oscilloscope. The magnitude of the

thermal lens signal with time was recorded in a PC, and the

M1

M2

M3

M5

L1Shutter Sample

Control

PC

Pinhole

D

M4

Filter

Laser Ar +

L2

Laser He–Ne

Fig. 1 Schematic representation of the thermal lens experimental

setup
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data thus obtained were fitting to Eq. (2) using least-

squares curve fit to obtain the nanofluids’ thermal diffu-

sivity DN (Eq. 1).

Results and discussion

To characterize the particles, TEM and HRTEM were used

along with optical absorption spectroscopy to study the

size, size distribution and fine structure of semiconductor

InP colloids formed.

Figure 2 shows transmission electron micrograph of InP

nanofluids with different percentage mass (8 and 12 %). As

inset, distribution histogram and HRTEM images are pre-

sented. From this figure, we can observe the formation and

size of the semiconductor particles. The particle shape was

nearly spherical with sizes in the nanometer scale. The

presence of clusters with an interparticle separation\2 nm is

observed in the image. The clustering degree of nanoparti-

cles differs from the increasing percentage mass of the

nanoparticles, for example, when the percentage mass is 8 %

(Fig. 2a), most nanoparticles are clustered; only very few

nanoparticles are discrete. Increasing the concentration up to

12 %, more clustering with a size greater than 50 nm are

formed (Fig. 2b). The formation of the clustering is related to

distance and action force between the InP nanoparticles.

Upon increasing the volume fraction of the nanoparticles, the

distance decreases, while the action force increases, both

favor the formation of the clustering. The size distributions

followed a Gaussian fit with narrow size distributions (inset

Fig. 2a); the average particle size is 4.6 nm with a standard

deviation of 20 %, indicating that the nanocrystals are ho-

mogeneous due to separation nucleation and growth events

during the reaction. The crystal size is smaller than the Bohr

excitonic diameter (15 nm), belonging to a strongly quantum

confined regime.

For closer observation on the crystallinity and fine

structure of the nanocrystals, a HRTEM image of the

sample was recorded. From the HRTEM images (Inset

Fig. 2b), we can observe the formation of crystalline

nanoparticles. Interplanar spacing calculated for the sample

corresponds well with the interplanar spacing of the cor-

responding indium phosphide structures of the zinc-blende

phase.

Formation of semiconductor nanocrystals was also

confirmed from the UV–Vis absorption spectra.

Nanocrystals such as InP in the nanoscale strongly absorb

light when the excitation energy is greater than the bandgap

energy. Figure 3 shows the absorption spectra of toluene

containing InP nanocrystals obtained, and spectrum of

toluene is also annexed as reference. All spectra were

recorded at room temperature. From the figure, we can

observe that an excitonic absorption peak appears at

498 nm. The absorption and TEM results are consistent

with the previously reported relationship of particles size

versus excitonic peak wavelength of InP nanoparticles

[30, 31].

The time evolution of TL signal for the fluids containing

semiconductor nanoparticles at different percentage mass
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Fig. 2 TEM micrographs of InP nanofluids with different percentage

mass: a 8 % and b 12 %, respectively. Inset (a): The normalized size

distribution of particles of the semiconductor nanoparticles; average

particles size (L) is calculated from Gaussian fitting of the histograms.

Inset (b): Typical HRTEM images of semiconductor nanoparticles

with phase zinc-blende with lattice spacing of 0.34 nm, respectively

400 500 600
0.0

0.3

0.6

0.9

1.2

1.5

Toluene

E
xt

in
ct

io
n 

co
ef

fic
ie

nt
/M

–1
cm

–1

Wavelength/nm

498 nm

Fig. 3 Extinction coefficient of nanofluids consisting of InP nanopar-

ticles dispersed in toluene. The inset shows the semiconductor

nanofluids with 16.0 mass/% of InP nanoparticles
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is shown in Fig. 4, where the symbols represent the ex-

perimental data points (o) and the solid lines correspond to

their best fits to Eq. (2). It can be noted that the TL signal

decreases as time elapses, indicating that the thermal lens

are divergent, thus defocusing the probe beam on the de-

tector. This behavior is because the temperature coefficient

of the optical path length ds

dT
is negative for most of the

transparent liquids and semitransparent materials as the

plastics. In Table 1 shows, the adjustable parameters h and

tc obtained from the best fit of Eq. (2) to TL experimental

data and thermal diffusivity data of semiconductor

nanofluids.

The results show that the thermal diffusivity of all the

fluids containing semiconductor nanoparticles shows lower

values with respect to the base liquid (toluene,

Dl = 10.4 9 10-4 cm2 s-1) [26], so that the thermal dif-

fusivity enhancement in semiconductor nanofluids is

negative. This behavior is different that of the other

nanofluids, which have been shown to exhibit positive

thermal diffusivity enhancement [16–19, 27]. Figure 5

shows the dependency of the semiconductor nanofluid

thermal diffusivity on nanoparticles concentration, as the

nanoparticles concentration increases the thermal diffu-

sivity decreased percentage of nanofluids. The minimum

thermal diffusivity was obtained by the fluid containing

higher concentrations of semiconductor nanoparticles. This

interesting thermal behavior has not been explored yet;

below we propose a probable explanation to interpret such

results.

There are recent studies about thermal transport in

semiconductor crystalline solids confined in the nanometer

range where it is reported that the thermal properties of

solid particles are of several orders of magnitude smaller

than the corresponding bulk value [21, 22, 32]. These de-

creases were attributed to the altering phonon spectra of the

materials in nanometric scale. Latter suggests that InP

semiconductor particles confined in nanometric scale

would also show heat transfer (thermal diffusivity) that is

significantly less than the corresponding bulk value

(0.43 cm2 s-1) [33] and than that of common liquids (i.e.,
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Fig. 4 Time evolution of TL

signal semiconductor nanofluids

with different percentage mass

of nanoparticles semiconductor

InP: a 6.0 %, b 8.0 %,

c 10.0 %, d 12.0 %, e 14.0 %

and f 16.0 %. Symbols (open

circle) represent the

experimental data, and solid line

is the best fit to Eq. (2)
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toluene). Then, we may hypothesize that when these

semiconductor particles of InP confined at nanometer scale

are dispersed in toluene, the effective thermal diffusivity of

nanofluid can be significantly decreased. To reinforce this

hypothesis, we estimated the thermal conductivity (diffu-

sivity) of InP nanocrystals using a theory with a phe-

nomenological basis [34]. This theory incorporates the

intrinsic size effect on phonon velocity and mean free path,

as well as surface scattering of phonons. According to this

theory, the thermal conductivity of a nanostructure is

given by:

kL

kb

¼ pexp � l0

L

� �
exp

1 � a

L=L0 � 1

� �� �3=2

ð6Þ

where kL is the thermal conductivity of the nanostructure,

kb is the thermal conductivity of the bulk material, L is the

characteristic size of the nanostructure, L0 [=2(3-f)r] is

the critical size when almost all atoms of the crystal are

located on its surface, l0 is the phonon mean path at room

temperature, r is the molecular/atomic diameter and

f = 0 for nanoparticles. Parameter a = 1 ? 2
3
Sv R-1 where

Sv is the vibrational entropy of melting and R

(=8.31441 J mol-1 K-1) is the universal gas constant.

Parameter p is related to the surface roughness g via the

relation p = 1–10 g
L

so that p = 1 corresponds to a smooth

surface and p = 0 to a very rough surface. The veracity of

Eq. (6) has been demonstrated in previous work for ultrathin

films, nanowires and semiconductor nanoparticles [23, 34].

The related parameters used in Eq. (6) to estimate the kL

of InP nanocrystals are as follows: for InP, kb = 0.68 -

J s-1 cm-1 K-1 [35], p = 0.07 optimized value, L =

4.6 nm experimental value, lo = 4.52 nm [36], Sv =

50.30079 [37] and r = 0.2542 nm [38]. With the results of

thermal conductivity kL, it is possible to obtain the thermal

diffusivity of InP nanoparticles trough DL = kL/pCp, where

p is the density and Cp the specific heat capacity of bulk

InP. The results of thermal conductivities and diffusivity

obtained of InP with different nanometric sizes are sum-

marized in Table 2. The results show effectively that the

DL is smaller than the corresponding bulk value and than

that of the toluene. DL also decreases with decreasing of

size particle. This would result in negative enhancements

in the effective thermal diffusivity of nanofluids containing

very small InP particles. Recent experimental results from

the decrease in the thermal diffusivity of InP with size

reduction [39] validate our calculus.

Table 1 Adjustable parameters tc y h obtained from the best fit of Eq. (2) to TL experimental data and thermal diffusivity data of semiconductor

nanofluids containing 4.6 nm InP nanocrystals with different percentage mass

Sample Mass/% tc/10-3 s h/10-2 DN/10-4 cm2 s-1

Toluene – – – 10.40 [26]

1 6 4.65 ± 0.02 18.98 ± 0.053 8.71 ± 0.17

2 8 4.66 ± 0.02 9.22 ± 0.044 8.62 ± 0.10

3 10 5.04 ± 0.05 19.16 ± 0.055 8.56 ± 0.09

4 12 4.75 ± 0.03 16.66 ± 0.030 8.49 ± 0.10

5 14 4.79 ± 0.02 8.98 ± 0.046 8.33 ± 0.13

6 16 4.77 ± 0.02 8.77 ± 0.048 8.21 ± 0.15

6 8 10 12 14 16
16
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Fig. 5 Thermal diffusivity values of the samples of InP nanocrystals

at different percentage mass dispersed in toluene. The symbols (filled

circle) represent the obtained thermal diffusivity decreased, and the

solid line corresponds to the best linear fitting of this thermal

parameter

Table 2 Calculated values of the thermal conductivity (using Eq. 6)

and diffusivity (using DL = kL/pCp) of InP nanoparticles with dif-

ferent sizes

L/nm kL/10-4 J s-1 cm-1 K-1 DL/10-4 cm2 s-1

Bulk 6,800 4,300.00

3.0 0.02 0.12

4.0 3.69 2.34

4.6 8.86 4.96

5.0 13.54 8.57

6.0 28.55 18.00
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The size-dependent transport thermal from Eq. (6) was

incorporate into the geometric mean of the thermal con-

ductivity of the mixture of solid nanoparticles in a liquid

[40] to estimate the thermal conductivity (diffusivity) of

the semiconductor nanofluids in function on the content of

particles:

kN

kl

¼ kL

kl

� �/

ð7Þ

where kN is the thermal conductivity of the nanofluid, kl is

the is the thermal conductivity of the base fluid (toluene),

kL is the thermal conductivity of the nanoparticle and / is

the volume fraction (mass percentage). With the results of

kN, it is possible to obtain the thermal diffusivity of

semiconductor nanofluids trough DN = kN/pCp. In Fig. 6

are annexed the results obtained using Eq. (7) of the

thermal diffusivity of semiconductor nanofluids with dif-

ferent percentage mass. The figure shows that the data are

reasonably well predicted and that the thermal diffusivity

(calculated and experimental) of 4.6 nm InP nanofluids is

lower than the base fluid in all concentrations, so that the

thermal diffusivity enhancement in InP nanofluids is

negative. We attribute this decrease to the thermal diffu-

sivity of nanoparticles being smaller than the thermal dif-

fusivity of the toluene, thus validating our hypothesis. The

calculated values give a nearly linear relationship between

the thermal diffusivity and the percentage mass of InP

nanoparticles. For greater percentages, higher decrease in

thermal diffusivity is observed. It is noteworthy that the

calculated values are more negative than the corresponding

experimental data, especially when the concentration of

nanoparticles is greater, suggesting that Eq. (7) underesti-

mated the thermal diffusivity of the nanofluids. From these

results and the analysis of the TEM image, we ascribe this

anomalous variation mainly to the observed clustering of

InP nanoparticles in the nanofluids.

The contribution of the clustering of semiconductor

nanoparticles in the thermal diffusivity of the nanofluids is

not clear at the moment. However, the formation of clus-

tering can create particle-liquid-particle pathways with

lower thermal resistances and thereby have a positive effect

on the thermal diffusivity of the nanofluid. This is because

in the clustering the nanoparticles are separated by very

small distances *1–2 nm (Fig. 2); necessary and sufficient

condition to ensure that the phonons (heat) initiated in one

nanoparticle can persist in the liquid, and it get transmitted

efficiently to another nanoparticle helping to enhanced the

thermal diffusivity of the nanofluid [41]. Then, it would be

predicted expected that well-dispersed InP nanoparticles in

toluene would result in semiconductor nanofluids with a

diffusivity more negative compared to nanofluids contain-

ing clustering of InP nanoparticles, as shown by the results

calculated of Fig. 6. For example, it may be noted that the

decrease calculated of the thermal diffusivity of the

nanofluid with percentage mass 16 % with well-dispersed

nanoparticles is *37 %, while for the same percentage

mass of InP clustering, we have an experimental decrease

in only *21 %. With the degree of clustering, minor de-

crease in the thermal diffusivity in the nanofluids semi-

conductors is expected.

Thus, while metallic and nonmetallic nanoparticles play

an important role in positive increment of thermal diffu-

sivity for base fluids, the InP semiconductor nanoparticles

confined at nanometric scale should contribute to decrease

the thermal diffusivity. Certainly, it demonstrates the effect

of the presence of semiconductor nanoparticles and the

concentration on the reduction in diffusivity in the semi-

conductor nanofluid. Besides nanoparticle type (metallic,

nonmetallic or semiconductor) and size, the concentration

of semiconductor nanoparticles can play an important role

on liquid’s thermal properties.

Conclusions

We have measured the thermal diffusivity of semicon-

ductor nanofluids containing InP nanocrystals with differ-

ent concentrations (6.0–16.0 mass/%). Nanocrystals were

obtained by using chemical procedure. Formation of

semiconductor crystals with average 4.6 nm was verified

through optical absorption spectra, TEM and HRTEM

analysis. Our results indicate that the thermal diffusivity of

toluene remarkably decreases due to the presence of InP

nanocrystals. Smaller thermal diffusivities were obtained

for nanofluids containing higher concentrations of

nanocrystals. The decrease in thermal diffusivity of

nanofluids is consequence of decrease in the thermal dif-

fusivity of the InP nanocrystals themselves. The measured

thermal diffusivity of the semiconductor nanofluids is less
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Fig. 6 Thermal diffusivity of nanofluids consisting of 4.6 nm InP

nanoparticles in toluene. The points represent experimental data of

this work. The solid curve represents the predictions using Eq. (4),

and the dashed curve represents the thermal diffusivity of toluene for

comparison
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negative than those predicted with existing model. This

variation of thermal diffusivity was mainly due to the

presence of nanoparticles clustering in nanofluids.
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