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Localized heating of a colloidal crystal by absorption of high intensity laser radiation ( > 25 
W/cm’) results in compression of the hot region. The time dependent variations in the lattice 
spacing of the crystal due to this local heating has been studied by monitoring the transmission 
profile of a weak laser beam incident on the crystal at an angle close to the Bragg angle. The 
dynamics of the compression phenomenon and its subsequent relaxation after removing the 
pump laser beam are analyzed using the screened Coulomb pair potential formulation. A 
simple linear model is developed to explain the deformation of the crystal during both the 
heating and cooling processes. Using this model we estimate the time dependent temperature 
rise in the crystal for any given pump power. During the heating process and the early stages of 
cooling the change in the crystal lattice spacing lags behind the rate of temperature change, 
while during the later stages of cooling it follows the rate of cooling. We demonstrate the 
necessity for the renormalization of the surface charge of colloidal particles when using the 
screened Coulomb pair potential. 

INTRODUCTION 

Colloidal crystals of charged polymer particles are used 
extensively to study colloidal interactions in concentrated 
dispersions. ‘-’ The dominant interaction in these systems is 
the electrostatic repulsion between the charged particles 
which is screened by mobile counterions in the medium.‘j 
The interactions between colloidal particles having a small 
surface charge is explained by the screened Coulomb pair 
potential (DLVO theory). ‘*a When the surface charge on 
the particles is high, the interaction potential falls off much 
more rapidly than would be predicted by this model. It has 
been suggested that it is possible to use this model for highly 
charged particles if the surface charge is renormalized to a 
smaller effective charge.’ The effectiveness of the renormal- 
ization procedure and the conditions under which this is 
necessary have not been clearly established. 

The interactions in colloidal crystals are generally stud- 
ied by monitoring the optical properties of the crystals. By 
carefully varying the particle concentration and the ionic 
strength of the dispersion, the lattice spacing in colloidal 
crystals can be varied over a range of hundreds of nano- 
meters. ‘O Due to this unique ability to experimentally vary 
the lattice spacing, colloidal crystals can be made to diffract 
light in the ultraviolet, visible and infrared regions of the 
electromagnetic spectrum. *l-l3 The diffraction phenome- 
non is sensitive to a number of parameters such as the lattice 
spacing, particle size, refractive index mismatch between the 
particles and the medium, defects in the crystal and the ther- 
mal vibrations of the particles.‘4”5 Hence diffraction has 
proved to be an excellent probe of colloidal interactions in 
concentrated dispersions. Diffraction has been used exten- 
sively to study the effect of shear,16 gravity,‘7-*9 electric 
field,20 pressure,*’ and temperature22-24 on colloidal inter- 
actions. 
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The evolution of a colloidal crystal (towards a new equi- 
librium state) under the influence of an external field like 
gravity has been studied previously.25*26 Recently we report- 
ed that dyed colloidal crystals show localized compression 
under the influence of a temperature field created by a laser 
beam.27 This phenomenon is a direct consequence of the 
negative temperature dependence of the screened Coulomb 
pair potential; the temperature increase perturbs the equilib- 
rium lattice of the colloidal crystal which is defined com- 
pletely by the temperature dependent interaction potential. 
For the crystals studied here the perturbation (or deforma- 
tion) results in a compression of the lattice (without any 
change in the crystal structure). We utilize a linear response 
model to describe the dynamics of the colloidal crystal re- 
sponse to this temperature perturbation. The only tempera- 
ture dependent parameter in the model is the electrostatic 
repulsive interaction between particles. Using our model we 
obtain the linear deformation and temperature rise in the 
heated region for various pump powers and pump durations. 
We demonstrate the necessity for renormalizing the charge 
on the particles and describe a procedure to estimate the 
charge renormalization required. 

EXPERIMENT 

A detailed account of the experimental procedure and 
the experimental results are provided in our previous 
work.” The colloidal crystal used in the study was prepared 
from 83 nm polystyrene particles that had 2370 negative 
charges per particle. The particles contained a nonfluores- 
cent red dye (Oil Red 0) which has a broad absorption 
maximum around 520 nm. Large BCC single crystals of the 
dyed particles having dimensions of 2.5 x 2.5 x 0.05 cm were 
prepared according to reported procedures.r4 The particle 
concentration in the crystal was 8.85~ lOi cme3 and the 
crystal structure was established by Kossel ring analysis. 
The photothermal experiments were carried out using the 
514.5 nm line of an argon ion laser as the pump (heating) 
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beam and the 488 nm line from the same laser as the probe 
beam. For this purpose the laser was operated in the 
multiwavelength mode and the required wavelengths were 
isolated outside the laser cavity using a diffraction grating. 
The pump and probe beams were overlapped on a 0.2 mm 
spot in the sample. The transmittance of the weak probe 
beam through the crystal during and after heating by the 
pump beam was detected with a fast photodiode and record- 
ed on a digitizing oscilloscope. The variation in the transmit- 
ted intensity of the probe results from alterations in the 
Bragg angle which changes in response to changes in the 
lattice parameters. The crystals were oriented such that the 
angle of incidence of the probe beam was either slightly low- 
er or slightly greater than the Bragg angle. Figure 1 shows 
the typical experimental result observed when the probe 
beam is incident at an angle slightly greater than the Bragg 
angle. For this geometry the transmitted intensity decrease 
derives from a decrease in the lattice spacing and a resulting 
increase in the Bragg angle. 27 The Bragg condition becomes 
more closely met and the transmittance decreases. In analo- 
gous manner, a transmitted intensity increase would accom- 
pany a lattice spacing increase. 

THEORY 

Consider a colloidal crystal illuminated by a pulsed 
Gaussian laser beam. The absorption of this laser beam by 
the colloidal crystal leads to an approximately Gaussian 
temperature profile in the crystal.28 For simplicity, we ap- 
proximate this temperature profile by a triangular function, 
as shown in Fig. 2. The maximum temperature rise ATin the 
sample is at the center of the beam and falls off linearly to 
room temperature (298 K) at the edge of the beam (0.1 mm 
from the center). The temperature of different regions in the 
illuminated volume lie between 298 K and (298 + AT) K. 
This gradient in temperature also gives rise to a gradient in 
the interparticle interaction potential. The differences in the 
interaction potential between adjacent regions results in a 
driving force that evolves the colloidal crystal towards a new 
equilibrium configuration. We assume a linear response of 
the colloidal crystal to the temperature increase. Hence, the 
deformation of the crystal is linear since the temperature 
profile is linear. 

The temperature dependent screened Coulomb pair po- 
tential is given by 

(1) 

where Z e, and a are the charge and the radius of the parti- 
cle, r is the interparticle separation distance and K is the in- 
verse Debye length of the system: 

d=$$(npz+ni), 
B 
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FIG. 1. A transmission curve from a photothermal study of an absorbing 
colloidal crystal (see text for details). The angle of incidence of the probe 
beam is 1 .Ygreater than the Bragg angle. Pump power = 50 mW and pump 
duration = 1 s. 

e=-+B+-+D A c 
7-1.5 T To,’ 

(3) 

for Tin the range 290 K to 360 K, and A = - 439 48 1.41, 
B = 72 528.68, C = - 314.08, and D = - 61.45. 

The temperature dependence of the derivative of the in- 
teraction potential a( U( r,T) )/dT is shown in Fig. 3. 
d( U( r, r) ) /dT is negative in the temperature range of inter- 
est (298 K). This indicates that the colloidal crystal will 
undergo compression upon heating, because the interaction 
potential in the heated region becomes less than that of the 
surrounding colder regions (298 K) . 

The situation is more complex, however, because the 
sample photothermal response depends upon the tempera- 

T,,d T,,d + s 

(2) 

where nP is the particle number concentration, ni the ionic 
impurity concentration and k, the Boltzmann constant. Be- 
cause the surface charge is provided by a strong acid group 
(sulfonic acid) we assume that the extent of dissociation is 
not temperature dependent; the dielectric constant, E is the 
only parameter that is directly sensitive to temperature. The 
temperature dependence of E for water is given by2’ 

0 
Distance 

FIG. 2. The modeled triangular spatial temperature profile in the colloidal 
crystal induced by the pump laser beam. The inset is a schematic representa- 
tion of a linear array of particles within the heated region. 
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FIG. 3. Plot of the temperature derivative of the interaction potential as a 
function of temperature. 

ture dependence of the force ( - S’U( r, 7’)/dr). We can cal- 
culate this force by considering the linear array of particles 
shown in Fig. 2. Let the repulsive interaction potential be- 
tween particles 1 and 2 be given by V( T, ,d) and the poten- 
tial between particles 2 and 3 by U( T2 ,d + s), where 
T, > T, , d is the distance between the particles 1 and 2 and s 
is the linear perturbation in d due to the increase in tempera- 
ture. The net repulsive force between particles 1 and 2 is 
given by - S [ U( T, ,d) ]/Jr and the force between particles 
2 and 3 by - S [ U( T, ,d + s) I/&. The net force on particle 
2 is given by 

AF= -$, [WT,,d)] +$ [U(T,,d+s)]. (4) 

Because the temperature difference (T, - T2 ) and the 
change in interparticle spacing (s) is small, U( T, ,d) can be 
expanded in a Taylor series: 

WT,,d) = U(T2,d-ks) + 
aWT2,d-t.d 

aT CT, -T,) 

a<T,,d-i-S) - S. 
Jr 

Neglecting the higher order terms 

(5) 

m= -2 aWT,,d+s) 
dr dT ( T, - T2 1 

aU( T2 ,d + S> - 
dr ” > (6) 

Let U( T2 ,d + s) = U and T, - T, = ST. Because STand s 
are constant with respect to variations in r: 

(7) 

The only temperature dependent term in Eq. (7) is the If ATis the difference in temperature between the center 
repulsive force between the particles and Eq. (7) can be re- of the hot region and the edge and the radius of the beam is 
written as 0~0.1 mm: 

(8) 

In our case ST, U, K, aK/aT are positive and aU /aT is nega- 
tive. Using Eq. (8) for the force acting on particle 2 due to 
the spatial temperature gradient, we can consider the situa- 
tion close to t = 0, i.e., when the pump is just turned on. At 
times slightly greater than t = 0, s = 0; the interparticle 
spacing is the same throughout the crystal. This means that 
AF is determined by the first term in Eq. (8), which is the 
temperature dependence of the repulsive force between par- 
ticles. If this term is positive [i.e., (K + l/d) laU/ 
aT 1 < uaK/&q then AFis positive, the hot region expands 
and particle 2 moves towards particle 3 (s becomes negative) 
to balance this force. If (K + l/d) /au/al- I> U aK/aT, AF 
becomes negative and the hot region contracts and particle 2 
moves towards particle 1 (makings positive) to balance this 
force. It is really the sign of the product 
(ST[a( - SV/dr)/dT] ) that determines whether the heat- 
ed region in the crystal expands or contracts. 

When the crystal is heated continuously ST increases 
monotonically and s increases or decreases to balance the 
resultant driving force (AF). If the product 
ST[ S’( - dU/dr)/dTj initially increases with temperature 
and then attains a maximum value and then decreases, the 
hot region will initially expand. Thus, s will initially be nega- 
tive and attain a minimum value and then will increase in a 
positive direction as the crystal contracts. In such a case, the 
crystal strain driving force is zero when s is a minimum. 
Alternatively, ST[a( - XI/ilr)/ilr] may go through a 
minimum with temperature, and thus s will go through a 
maximum. In such case, the driving force is zero at maxi- 
mum s. It will also be zero at steady state when the particles 
cease to move any further due to the attainment of thermal 
equilibrium where the heat input is equal to the rate of heat 
lost to the surroundings. 

During the time course of our experiments the system 
continues to evolve. Upon heating we observe an expansion 
which then changes to contraction. This indicates that s de- 
creases initially, reaches a minimum value and then in- 
creases. This can be seen in Fig. 1, which shows the transmit- 
ted probe intensity (incident at an angle slightly greater than 
the Bragg angle) vs time when the crystal was heated by a 50 
m W  pump beam for 1 s. It starts expanding again about 100 
ms after turning off the pump. AF = 0 at the extremes of the 
transmittance curve. 

We can calculate the value of s that makes AF = 0 for 
various values of AT, i.e., 

AF=O=ST 
I 

(9) 
1 d d”J 

J. Chem. Phys., Vol. 94, No. 7, 1 April 1991 

Downloaded 22 Jan 2009 to 130.49.228.46. Redistribution subject to AIP license or copyright; see http://jcp.aip.org/jcp/copyright.jsp



Kesavamoorthy eta/.: Colloidal crystal photothermal dynamics 5175 

ST=gd. 
w 

(10) 

The values of ixM?T, K, U, &/aT depend on temperature 
and hence the position of particle 2. Let particle 2 be midway 
between the center and the edge of the hot region. Then 
dU/dT, K, U, dK/dTcan be calculated at T = 298 + hT/2. 
Because d can be obtained from diffraction measurements, 
the value of s for various values of A Tcan be calculated using 
Eqs. (9) and ( 10). Figure 4 shows the calculated depend- 
ence of s/d upon AT, From this plot and the experimental 
data (the maximum values of s/d for various pump powers 
and pump duration) we can estimate the maximum tem- 
perature rise (AT,,,,, ) in the crystal for different pump pow- 
ers and pump durations. 

From Fig. 1 it may be seen that the hot region of the 
crystal continues to contract for about 100 ms after turning 
off the pump, before starting to expand towards the preheat- 
ed value. This relaxation phenomenon appears to be a two 
step process. When the pump is turned off, heat input ceases, 
but the hot region possesses a temperature gradient. The 
time constant for the thermal equilibration of the hot region 

is given2s by rT = w2/4D T s 18 ms (where D,, the thermal 
diffusivity of water is ca. 1.46X 10 - 3 cm* s - * ) . The mean 
temperature and the temperature gradient of the hot region 
decreases with this ca. 18 ms time constant; however, the 
value of s cannot change significantly during this short cool- 
ing time period because the collective diffusion coefficient 
(D, ) which determines the crystal strain relaxation rate, is 
much smaller. The collective diffusion coefficient of the par- 
ticles can be determined from the following expression:29P30 

D, = -++:c), (11) 
P B 

where Do ( = k, T/6mp) is the free particle diffusion coef- 
ficient, C( = 4n, U(Kd)2/9) is the shear modulus and 
B( = 4n, U(Kd + 2)2/9) is the bulk modulus of the crys- 
ta1.3’ For our crystal D, = 3.5 X 10 - 6 cm2 s - ’ which gives 
a resulting time constant ( rP ) for the response of the lattice 
of ca. 7.2 s. This slow particle response time results in a large 
driving force [because the second term in Eq. (8) becomes 
very large], and the region previously heated expands rapid- 
ly. This rapid expansion is the first step of the relaxation 
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FIG. 4. Plot of the strain of the crystal as a function of the temperature rise [ Eq. (9) 1. Curve A was computed using the measured surface charge of 2370 and 
curve B utilized a renormalized surface charge of 1150. The inset shows an expanded version of plot B. 
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process. During this first step, s decreases rapidly causing 
the driving force to decrease. In the second step of the relaxa- 
tion process, the driving force is sufficiently small that s fol- 
lows the cooling. Hence, the rate of cooling can be estimated 
from the slope of the second step of the relaxation curve 
(vide infra). 

RESULTS AND DISCUSSION 

Figure 4 shows the values ofs/d which make the driving 
force (AF’) zero for various values of AT. Curve A was ob- 
tained for a colloidal crystal having a particle concentration 
of 8.85X 1013 spheres/cm3, a measured surface charge of 
2370 per sphere, a sphere radius of 83 nm and an impurity 
concentration ( nj > of 1.018 x IO” ions/cm3 ( = 0.169 mM; 
is assumed to be equal to n,Z ). Curve A shows that only 
compression occurs on heating. Curve B was calculated for 
the same parameters as that for curve A except that a renor- 
malized surface charge of 1150 was used for curve B. Curve 
B indicates that the heated region contracts for low values of 
AT; s/d becomes increasingly more negative up to A TZ 5 K 
after which it increases monotonically. The value of s/d 
crosses zero at AT=: 10 K. This curve indicates that upon 

8.0 1 

heating the crystal initially expands. The expansion is maxi- 
mum when the central temperature is elevated by ca. 5 K. 
For higher ATvalues, the crystal only contracts. The inset of 
Fig. 4 shows the curve in the low ATregion on an expanded 
scale for clarity. It is important to note that the crystal ex- 
pands on heating even when the Coulomb pair potential de- 
creases. This occurs because the positive temperature de- 
pendence of K dominates the negative temperature 
dependence of U [ Eq. (8) ] for small values of AT (ca. 10 
K); the temperature dependence of U dominates at larger 
values of AT. 

The temperature at which expansion changes to con- 
traction (AT ) I was calculated for various surface charge 
values and is shown in Fig. 5. From this figure it is clear that 
for charges (Z) > 1340, no initial expansion is predicted 
while for Z < 1340 an initial expansion occurs and the 
(AT ), increases with decreasing charge. The inset in Fig. 5 
is a plot of the maximum expansion as a function of surface 
charge. This plot shows that the maximum expansion de- 
creases with increasing charge and there is no expansion for 
Z> 1340. Obviously, if the extent of the linear deformation 
or if the temperature rise in the heated region is measured, 
Fig. 5 can be used to calculate the renormalized charge. 

FIG. 5. Plot of the temperature rise required for the crystal strain to change from expansion to compression as a function of the sphere surface charge. The 
inset shows the maximum expansion possible for various values of surface charge. 
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For the colloid used here we observe an expansion dur- 
ing the first 100 ms after which compression sets in. This 
indicates that the effective charge on the particles is less than 
1340. Because the value of charge on the particle was mea- 
sured to be 2370 it is clear that charge renormalization is 
required to use the screened Coulomb pair potential func- 
tion. Using the renormalization procedure of Alexander et 
a1.,9 we calculate the renormalized charge to be 1150 and we 
use this value in all of our subsequent calculations. For this 
value of renormalized charge, (AT ) r turns out to be 5 K and 
the calculated maximum expansion (s/d) from Fig. 5 is 
- 9.6 x 10 - *. 

We can determine the maximum compression of the 
crystal and the corresponding AT,,,,, for various pump pow- 
ers and pump durations using the determined values of the 
initial expansion of the crystal. The observed maximum 
transmittance, I,, , in Fig. 1 occurs when the crystal expan- 
sion is a maximum (s/d = - 9.6~ 10 - ‘). Similarly, the 
observed minimum transmittance, I,,, occurs when the 
crystal is maximally compressed. Hence, the maximum 
compression can be related to the transmittance by 

*ax = 
-9.6x10-* :F” rF2;, 

TO TI 
(12) 

where ITo is the observed transmittance at t = 0. The total 
net crystal strain is extremely small (Fig. 4) and occurs on 
an essentially linear portion of the diffraction peak as evident 
from Figure 9(c) of Rundquist et al. l4 Given this value of 
(s/d),,,,, we can use curve B of Fig. 4 to determine AT,,,,, . 
I,, /I,, is observed to be the same for ail pump powers and 
pump durations because the crystal maximally expands at 
AT- 5 K. Zr, /I,, depends on the pump power and pump 
duration, because the maximum AT in the crystal increases 
with increasing pump power and duration. 

Figure 6 shows the calculated value of AT,,,,, as a func- 
tion of pump power for pump durations of 1 s and 0.5 s. The 
value of AT,,, maximizes at about 30 K for the 0.5 s pulse. 
This saturation occurs because the thermal loss from the hot 
region to the surrounding cold region increases with tem- 
perature. The temperature increase of the hot region will 
also be a nonlinear function of the pump duration (for a 
given pump power). This is clearly illustrated in Fig. 6 
where the difference in the slopes of the 1 and 0.5 s data is less 
than the expected factor of 2. 

The AT,,,,, which occurs for a 1 s pump duration with 
50 m W  of laser power can be independently estimated to 
check the value derived from the model. The decadic absorp- 
tivity of the dyed and undyed colloidal crystals of thickness 
0.05 cm ( = b) was measured to be 0.187 and 0.720, respec- 
tively. Assuming that the absorptivity of the undyed crystal 
comes from scattering from defects and phonons, the in- 
creased absorptivity of the dyed crystal (0.533) comes from 
the dye molecular absorption. The absorbed power, P, is cal- 
culated to be 27 mW. The maximum temperature rise in the 
crystal due to this absorption occurs at the center of the 
beam and can be determined from Eq. ( 16) of Dovichi? 

ATr,,, =p 
s 

I dt’ 
2rkb o (TT +2t’) ’ 

(13) 

,*--- 
1 set A ’ 

7 / 1% 

o- 
20 40 60 80 100 120 140 

Pump Power / m W  

FIG. 6. Plot of the maximum temperature rise in the crystal as a function of 
thepowerofthe pump laser beam. Pumpduration of0.5 s ( X ) or 1.0s (0). 

where k is the thermal conductivity of water and rr is the 
thermal diffusivity of water. Equation ( 13) gives a value of 
33.7 K for AT,,,,, whereas the present model gives 25.7 as 
seen from Fig. 6. Equation ( 13) overestimates AT,,,,, be- 
cause it ignores heat loss through the walls of the container 
where the colloid contacts the quartz. 

The saturation of AT,,,,, is also evident in the Fig. 1 
data. The rate of decrease in the transmittance with time 
slows during the 1 s interval of crystal contraction which 
occurs while the pump beam is on. This decrease is most 
clearly evident for higher pump powers. During compres- 
sion, AT and s increase. If AT increases linearly with time, 
the rate of decrease of transmittance will be constant only ifs 
linearly follows AT. Ifs lags behind AT because of the low 
collective diffusion rate, the rate of decrease of transmittance 
will initially have a smaller slope than AT, but this slope will 
increase with time because the driving force for compression 
increases with time. The experimentally observed slowing 
rate of transmittance decrease indicates that the rate of in- 
crease in AT decreases with time. 

For high pump powers ( z 25 mW) the crystal contin- 
ues to compress even after the pump is turned off. This be- 
havior is not seen for low pump powers. For high pump 
powers, the rate of increase of A Tis high and the response of 
the particles is too slow to follow the changing AT; s lags 
behind. When the pump is turned off, the driving force for 
compression is still large and the particles continue to com- 
press. For low pump powers the rate of increase of AT is 
sufficiently small that the change in s does not significantly 
lag behind the change in temperature. 

The linear deformation model also accounts for the re- 
laxation behavior. When the pump beam is turned off the 
compressed colloid must eventually expand. The initial driv- 
ing force for expansion is zero, but ST and s are positive and 
differ from zero. The rapid thermal equilibration of the hot 
region in ca. 18 ms (the thermal equilibration time) causes 
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AT and ST to decrease to AT’ and ST ‘. However, s cannot 
change significantly within this 18 ms time period because of 
the small collective particle diffusion coefficient. 

The strain driving force (An which is zero at the trans- 
mission minima (Fig. 1) when the compressed colloid is 
about to expand, becomes increasingly positive with thermal 
equilibration. This increasing force causes the crystal to rap- 
idly expand. As the value of s decreases AF becomes small, 
and the rate of particle motion can begin to follow the cool- 
ing rate. Hence, the relaxation curve shown in Fig. 1 will 
show two different rates which are evident at different time 
periods. These are illustrated in Fig. 1 by two straight lines, 
one with a large slope (immediately after the pump is turned 
off) and another with a much smaller slope, at longer times. 
In the longer time region AF is very small and because s 
follows AT’, a( AF)/atzO. Assuming that only s and AT’ 
depend on time and using Eq. ( lo), we get 

p)=E$L I > K4f g+ug 1 

while the slower process (ca. 5 s) involves relaxation of the 
thermal gradient over the entire sample. 

The two different thermal relaxation times derive from 
two different distance scales in the crystal. The 18 ms ther- 
mal relaxation time is associated with the thermal relaxation 
of the Gaussian-like thermal temperature distribution 
(which we approximate as a triangular distribution) within 
the probed region. This relaxes over the 200pm beam width 
in the sample. This represents an experimentally defined re- 
laxation time. In contrast, the ca. 5 s relaxation is defined by 
the macroscopic thermal properties of the colloidal crystal. 

dt \ d d’l 
(14) 

The decrease in AT during the 18 ms of thermal equili- 
bration, AT,, (just after turning off the pump) can be ob- 
tained by extrapolating step 2 of the relaxation process of 
Fig. 1 back to t = 1 s. Let the extrapolated value of the trans- 
mittance at t = 1 s in the extrapolated line be I,,, . The corre- 
sponding value of s/d and AT’ can be obtained from Eqs. 
(12), (9), and (10). Hence, AT,, = AT- AT’ can be cal- 
culated. Figure 8 shows AT,, for various AT. It is observed 
that AT,, increases almost linearly with AT. For small pump 
powers, AT,, is insignificant and the relaxation curve is a 
single straight line from the time the pump is turned off. 

We can determine as/at by using Eq. ( 12) and the Fig. 1 
rate of increase of transmittance in step 2 of the relaxation 
process. The rate ofdecrease of the temperature, ST’/& can 
be calculated using Eqs. ( 14) and ( 10). Figure 7 shows the 
calculated rate of cooling for the colloidal crystal heated to 
different values of AT. The rate of cooling nonlinearly in- 
creases with AT. This cooling rate differs from that for the 
illuminated region which we calculated earlier to be rr = 18 
ms. rr monitors the decay of the thermal gradient over the 
hot region, whereas the cooling here monitors the thermal 
relaxation over the entire crystal. 

There are two thermal relaxation time processes in- 
volved. The fast 18 ms process involves relaxation of the 
thermal gradient within the probed portion of the sample; 

CONCLUSION 

In the above discussion we have neglected any contribu- 
tion to the lattice constant change which results from radi- 
ation pressure, photophoresis and thermophoresis.32-36 We 
clearly can neglect the radiation pressure since the colloidal 
crystal of nonabsorbing spheres show no lattice changes. 
Further, we calculate that the magnitudes of radiation pres- 
sure, photophoresis, and thermophoresis are ca. 4 orders of 
magnitude less than the temperature dependent Coulombic 
interaction for the incident intensities we examine ( < 200 
W/cm’). 

We have developed a linear deformation model to ex- 
plain photothermal phenomena in colloidal crystals, using 
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FIG. 7. Plot of the rate of cooling of the colloidal crystal as a function of the 
temperature rise in the crystal. 
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FIG. 8. Plot of the initial drop in temperature due to the thermal equilibra- 
tion (after the pump is turned off) as a function of the temperature rise in 
the crystal. 
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the screened Coulomb pair potential. Using this model we 
can estimate the temperature increase in an absorbing colloi- 
dal crystal upon high intensity laser radiation. The photo- 
thermal response of these crystals can be used to examine the 
interparticle potential function. This study clearly indicates 
that the potential function only correctly predicts the inter- 
particle potential if the colloid charge is renormalized. We 
demonstrate here a new photothermal technique which al- 
lows us to monitor the interparticle potential function and 
determine the required charge renormalization. Our studies 
also examine the colloidal crystal thermal relaxation rates. 
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