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Monitoring Curing Rates
in Ophthalmic Materials

In this application, a 785 nm Raman spectroscopy system is
evaluated as tool for monitoring the curing processes of oph-
thalmic materials used in surgeries. Precise monitoring of cur-
ing rates can help improve quality and safety.

With aging populations and the increasing prevalence of eye
disease, the global ophthalmic industry has become a multi-
billion-dollar marketplace. For manufacturers of lenses used
in eye surgery — for example, intraocular lenses (IOLs) for cat-
aracts — simple tools and methods utilizing spectroscopy can
speed development of newer, more effective materials.

Experimental Setup

To evaluate the viability of 785 nm Raman spectroscopy to
characterize the curing process in ophthalmic materials, we
used a modular Raman setup to measure a mixture of com-
pounds irradiated by a curing lamp. Multiple measurements
were conducted over varying levels of exposure time. Based



on several clear indicators of polymerization re-
vealed in the data, we proved that Raman spec-
troscopy can be effective as a QC tool to charac-
terize the ophthalmic materials before they are
used by surgeons in the hospital.

Equipment Used

* QE Pro-Raman+ spectrometer for 785 nm
Raman excitation

+ LASER-785-LAB-ADJ-FC Raman excitation laser

* RIP-RPB-785-FC-SMA general-purpose Raman
probe

* RM-LQS-SHS Raman sample holder

Measurements

The ophthalmic materials mixture was placed
in a vial and irradiated by a UV curing lamp. The
mixture was measured immediately after being
prepared without UV curing, and then measured
after UV curing at intervals of 1, 5, 10, 15, 20 and
30 minutes.

A dark reference with the laser off was collected,
and then the sample was interrogated with ~380
mW laser power. While the raw spectra were
collected over a 1 second integration time, an
algorithm in OceanView spectroscopy software
known as “CleanPeaks” was applied to remove
the baseline and any fluorescence. The raw data
was also manipulated by standard normal variate
(SNV) processing as an alternative baseline-re-
moval method. SNV involves subtracting the data
by the average over a certain range, divided by the
standard deviation over that same range. (Visit
oceaninsight.com/blog/raman-data-analysis for
other useful Raman spectral processing tips.)

Unlocking the Unknown with Applied Spectral Knowledge.

To understand changes in the Raman spectra as
the compounds were cured over time, this data
was compared to previously collected spectra of
the individual components, which included mono-
mers and a cross-linker, UV absorber, and pho-
toinitiator. This helped us to evaluate the effects
of polymerization on the molecular structures for
each of these compounds, as their Raman inten-
sity changes during the curing process.

Our analysis revealed two regions of particular
interest: ~1620-1650 cm™ and 1710-1745 cm™.
For the former, polymerization of the compounds
PEA and PEMA leads to consumption of the car-
bon-carbon double bond (C=C), which allows
the carbons to bind to other molecules. Based
on typical Raman band frequencies reported in
the literature, a peak within ~1620-1650 cm
is assigned to the C=C stretching vibration'. As
the mixture samples are cured, the intensity of a
peak at 1632 cm™ decreases with time. A study
by Lui et al. revealed that monitoring the evolu-
tion of the 1632 cm™ band can be used to char-
acterize the curing process, where the intensity
decreases with curing time due to consumption
of the C=C bond as polymerization occurs?.

Another peak of interest occurs in the range
from 1710-1745 cm™ and is attributed to the C=0
stretching vibration'. This peak appears at differ-
ent wavenumbers for each compound and shifts
slightly over the first five minutes of curing time.

We also investigated the Raman response of the
photoinitiator to determine if a signature peak
could be used to monitor the extent of polymer-
ization, but it appears the material is used up af-
ter UV curing.




Conclusions

Polymerization of ophthalmic materials exposed
to UV light was monitored using Raman spec-
troscopy. The evolution of a Raman band at 1632
cm™ was used to determine the extent of C=C
bond consumption as the molecules were polym-
erized. Another band, at 1720 cm, indicates C=0
stretching and was used as an internal standard
to help calculate the conversion rate of the poly-
mer based on the intensity of the 1632 cm™ band
(Figure 1). Other bands were investigated to de-
termine a contribution from the photoinitiator but
a clear trend in the data could not be determined.
Additional insight could be gleaned from analyz-
ing the curing process time in more detail, focus-
ing on the time scale up to 10 minutes.

With 10 milion cataract surgeries alone per-
formed annually around the world, any steps tak-
en to ensure successful post-operative results
can have a major impact on quality of life. In
addition to speeding up lens development time,
careful control of curing processes in ophthalmic
materials could prevent issues associated with
bending and distortion of cured materials, and
could help reduce curing lamp use by minimizing
the tendency to over-expose materials.
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Figure 1. At 1632 cm™ and 1720 cm’’, intensity from the raw, CleanPeaks, and SNV
Raman spectra for the C=C and C=0 stretching bands was plotted as a function of
curing time. We observed a similar response trend for each.
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