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Introduction

Soft condensed matter organic-based materials are often
susceptible to various kinds of damage upon prolonged exposure
to high energy radiation beams, such as electron, y-ray, or x-ray
beams. This can be an important issue in X-ray Photon
Correlation Spectroscopy (XPCS) studies of the dynamics of
such materials. Often the effects of radiation damage are
cumulative over time. Thisimplies that there may be a
maximum duration for an XPCS measurement at a particular
position in amaterial. Very little information for x-ray radiation
effects on organic materials existsin aform which can be
directly useful in determining this maximum duration for an
XPCS experiment. In this report, we describe such results for a
polymer mixture of Polystyrene and Polybutadiene.

In XPCS experiments, one measures the low frequency dynamics
of amaterial by determining the time autocorrelation function of
the fluctuations in the speckle pattern, which modulates the
scattering from the materials.[1] Speckle occurs when the
sampleisilluminated with a coherent x-ray beam. Transversely
coherent x-ray beams are prepared by collimating the x-rays with
an aperture whose dimensions are comparabl e to the transverse
coherence lengths of the x-rays. At atypical beamline at the
APS, the transverse coherence lengths, |, are ~ 5 umin the
horizontal and 30 um in the vertical. The flux through this area
is determined by the brightness of the source and the degree to
which the beam is monochromatized. The longitudinal
coherence length, |, isinversely proportional to the
monochromaticity of the x-ray beam. The two most common
arrangements are to either use the natural bandwidth of the
undulator (AE/E ~ 2.5 %), aso-called ‘pink’ beam with, lof
order 50 A, or that of either a Ge or Si monochromator, wiih |
order 1um. Although |is rather small for a pink beam, it is

by 100um. In the experimental hutch 35 m from the source, two
small Pt coated mirrors were used to produce a ~“pink beam".
The doubly reflected beam had a bandpags=dE = 2.55 %.

The samples were illuminated with two different size x-ray
beams, (am)’ and (50um)’, with fluxes of 4 x 18 ph/sec and 5

x 107 ph/sec, respectively, to check for any dependence on beam
size. Attenuators were used to vary the incident flux for each
beam size in order to check for any dependence on dose rate.
The polymer studied was a 65% by weight mixture of 1000 MW
polystyrene with 2000 MW polybutadiene. This mixture has an
upper critical solution temperature of ~ &8 Measurements

were made for sample temperatures ranging froh€86 25 C,

i.e., both above and below. TTime resolved SAXS patterns

from the mixture were measured with a direct detection CCD
camera as a function of time after the start of x-ray exposure.

Results

Fig. 1 shows the time dependence of the measured SAXS
scattering rate a sample illuminated by an attenuatedrg0

pink beam at a sample temperature 6f@0 At the earliest

times, the SAXS is time invariant and is due to scattering from
composition fluctuations in this critical mixture. This
temperature dependent critical scattering will be reported
separately. This initial ‘quiescent’ period is followed by a strong
increase in scattering at wavevectors below ~ 0.025Fnally,

in the late time behavior the scattering curve uniformly becomes
smaller. We believe the initial increase in scattering at small
wavevectors is due to the x-ray radiation induced formation of
large cross-linked molecules. The eventual diminution of the
scattering at late times is thought to be due to the growth in size
of the cross-linked molecules, with their scattering moving to
lower g, together with the reduction in scattering from
composition fluctuations as the damaged material grows to fill

nonetheless sufficient for coherent small angle x-ray scattering the scattering volume being probed.

(SAXS) measurements. On the MHATT-CAT Sector 7 ID line,
we typically produce coherent fluxes for XPCS experiments of ~

4 x 10 ph/sec/(um)’ with Ge resolution and ~ 4 x £@h/sec/(5
um)’ with a pink beam. Although these fluxes are not

particularly large, they correspond to quite high intensities. As a

result, they are capable of producing significant damage in
organic materials.

In this report, we describe the effects of exposure of a polymer
mixture, Polystyrene/Polybutadiene, to x-rays. We find that the

SAXS changes dramatically upon irradiation and that the

changes scale with radiation dose for widely varying dose rates.

There also appears to be a threshold dose, below which no

significant effects of damage are observable in the SAXS pattern.

Methods and Materials

This experiment was performed on the undulator beamline
at sector 7 of the Advanced Photon Source, operated by

MHATT-CAT. With the undulator fundamental set at 9.0 keV,

the white beam was collimated with white beam slits to 40
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Figure 1. Time dependence SAXS from a Ps/Pbd mixture.
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Figure 2. Time dependence of the scattering from the mixture at
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q=6.5x 10° A™ and atemperature of 40° C for various incident

x-ray fluxes.

In Figure 2, the time dependence of the scattering rate at a

wavevector of g = 6.5x 10° A* and a sample temperature of 40

C is shown for various incident fluxes obtained from ap(&(’
pink beam by the use of attenuators. Again, we see three phases

to the time dependence: avery ear|y time_independent phase The damage threshold reported here for the Ps/Pbd mixture will
followed by an intermediate phase with a strong rise in scatteringurely vary for different materials, depending on their chemistry
and a late phase with a strong decrease in scattering.

even though the dose rate varies by a factor of 43 and the
incident beam size varies from )’ to (50pmyY-.

Discussion

The results in Figure 1-3 show that x-ray radiation induced
damage to this polymer mixture depends on accumulated dose
and can result in dramatic changes in the polymer structure on
relatively short time scales. Analysis of the data indicate that the
first phase of irradiation, during which the structure and
scattering are essentially unaffected by the irradiation lasts up to
about 2000 kGy. This damage threshold can be used to estimate
the approximate maximum duration of an XPCS experiment on
this material for different incident coherent x-ray intensities. A
pink beam with a flux of 4 x £0ph/s/(5um)’ results in a

deposited dose rate of 180 kGy/sec. At this dose rate, the
damage threshold dose would be reached in only 10 seconds.
With a Ge resolution x-ray beam, the dose rate is lowered to 1.8
kGy/sec and the time to damage threshold increases to ~ 1000
seconds. In these mixtures, the relaxation time for concentration
fluctuations can be as long as 1000 seconds. Thus, Ge resolution
coherent beams are necessary. In addition, although the
maximum measurement duration is of the order of the slowest
relaxation time, ensemble averaging techniques utilizing a CCD
detector are capable of determining the autocorrelation functions
under those conditions. XPCS measurements of the temperature
and wavevector dependence of critical dynamics of this mixture
will be reported separately.

and viscosity. For example, in a recent XPCS study[2] of
concentration fluctuations in the binary fluid mixture

The large variation in times for the three phases in Figure 2 for hexane/nitrobenzene, no observable radiation damage effects
different incident fluxes, with lower fluxes taking longer times to Were observed even for much larger doses than the maximum
deve|0p, suggests that the Samp|e damage may be a function ofioses studied here. This is ||kE|y due to a combination of the

accumulated dose. This relation is shown to be obeyed

remarkably well in Figure 3, where the scattering intensity is
normalized to 1 at its maximum and plotted versus radiation
dose, expressed in kGy. The data follow a very similar curve
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Figure 3. Scaling of the SAXS at q = 6.5 X' 0" with

accumulated radiation dose, for various incident dose rates.
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small molecules being more resistant to damage and the mixture
having a very low viscosity, which allows any defect that are
produced to diffuse out of the volume probed by the x-ray in
much less than 1 second.

Finally, these results have implications for future experiments at
a 4" generation x-ray sources, where the average brightness is
expected to be several orders of magnitude greater than for the
APS. Such large increases in dose rate dtgederation source
may limit the ability to studylow fluctuations in many organic
materials. On the other hand, such a large increase in flux would
make it possible to study much faster fluctuations, which could
be studied before the sample is destroyed.
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