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The durability of electrochromic (EC) devices iteof
evaluated by measuring the change in transmittgorce
reflectance) as a function of test duration. Howgtras
approach is inadequate for evaluating the perfocmarf
such devices, since many degradation processdsiresu

unacceptable changes in device appearance, yetitieve

effect on white light transmittance. The use obcol
coordinate analysis offers a more critical asseasie
the durability of EC devices, and suitable methiods
such testing will be described.

During the course of these studies, we have alsadio
that undesirable changes in device coloration @n b
ascribed to a variety of factors. In conventiongamic-
based EC devices, at least two chromogenic materal
generally employed, so that color is generatedbtt b
anode and cathode and coloration efficiency isnaipgd.
One of the problems inherent in this approachas tie
presence of even small amounts of oxidizing or cady
impurities can lead to residual coloration in thghh
transmittance or reflectance state. Similarly,deal
coloration in the high transmittance or reflectastze
may be evident if either of the chromogenic matsiig
susceptible to even a small degree of thermal or
photochemical decomposition in its colored state. F
these reasons, achieving acceptable performaree BC
device over long periods or under extreme conditisn
exceptionally difficult, and requires the utmosteca
during the manufacturing process.

We have recently shown that the addition of certaior-
stabilizing additives can dramatically improve tbeg
term durability of EC devices® These materials, for
which we coined the term “redox buffers”, are ldyge
uncolored in two adjacent oxidation states, andtion
to resist color change by a mechanism analogotiseto
way in which pH buffers resist pH changes.

Figure 1 compares the performance of an EC mirror
containing redox buffers with that of an analogous
unbuffered mirror during the course of thermal dhility
testing. The data clearly show that the inclusibbudfers
results in a significant enhancement of thermalibta

In Figure 2, the performance of a buffered EC wind®
monitored during the course of durability testingahich
the window is (a) cycled between their high and low
transmission states at 70; and (b) exposed to high
intensity simulated solar radiation while cyclingtlveen
their high and low transmission states (at abot®5
Again, the data indicate that the inclusion of btdfleads
to excellent durability.
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Figure 1. Color change during the course of a thérm
exposure test (8%5C) for a standard outside
electrochromic mirror incorporating redox buffessl{d
line) and for an analogous mirror without redoxfbrg
(dashed line).
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Figure 2. Color change of an electrochromic window
during the course of a thermal cycling test {ZQ solid
line) and a UV cycling test (0.55 W/n@340 nm, 63C,
dashed line).



