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Several FTIR techniques are surface-sensitive. This sensitivity can be utilized to help with a wide range conservation
issues. Examples from object degradation studies, conservation materials performance assessment and monitoring
are presented. These are used to discuss the issues, advantages and information that can be drawn from studies. Glass
degradation was quantified on the surfaces of cover glasses from important Nineteenth century daguerreotypes
using Germanium attenuated total reflectance. The very limited information depth endowed by the high refractive
index crystal gave good sensitivity when other techniques such as sectioning and scanning electron microscopy had
failed to detect a gel layer present. The inner glass surface was always more deteriorated and the degree of deterio-
ration inversely correlated with the distance between the inner glass surface and the daguerreotype or brass matt
surface. Reflection—-absorption FTIR microscopy has been combined with an excimer laser to determine the water
content of a series of sections through the depth of a wax. A common wax used to protect metals has been found to
take up liquid water in humid environments and hold that water close to or at the metal surface. An adjustable height
gold mirror was used to bounce the IR beam many times across a surface, which can give extreme sensitivity. Haze
and smoke generators are increasingly being introduced into displays or for special events or filming. Very low detec-
tion limits (1 ng) were found using gold coated glass slides to detect haze deposits.

Introduction

Analysis can be transformational in conservation prac-
tice. There are three main areas of preventive conser-
vation where analysis is critical: degradation studies,
conservation material performance studies and moni-
toring. Many phenomena occur at surfaces and surface-
sensitive analyses are required. This paper presents an
infra-red spectroscopy research example of each area,
and explains why the very to extremely high surface
sensitivity was of particular benefit to those studies.
Access to analysis has widened over the past two dec-
ades. Instrumentation has developed and is generally
less expensive, often easier to use and, in many instances
portable and non-invasive. Surface analytical techniques
have been used for heritage degradation studies for at
least 20 years. Dynamic Secondary Ion Mass Spectros-
copy has been used to follow the early stages of glass
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deterioration [1]. Both x-ray photoelectron spectroscopy
and static and dynamic SIMS were used in the investiga-
tion of silver tarnish and lacquer impact on tarnishing
[2, 3]. The surface-sensitive Attenuated Total Reflection
Fourier Transform infra-red spectroscopy, ATR-FTIR is
widely used in conservation. It has been used to charac-
terise almost every material used in cultural heritage and
its conservation [4—6] with many examples in the presen-
tations of the thirteen Infra-red and Raman User Group
conferences. The surface sensitivity of ATR-FTIR has
more recently been used to follow the chemical degrada-
tion of rubber and amber [7, 8]. This technique is inher-
ently surface sensitive, which can be utilised beneficially,
but can also be an issue if bulk analyses are required [9].

Degradation of daguerreotype cover glasses

Daguerreotypes are amongst the earliest photographic
methods. The technique produces silver nanoparticles
on a silvered copper plate. The image is very fragile, sen-
sitive to pollutants, and readily damaged by abrasion;
daguerreotypes were generally produced in a protective
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cover. The image was protected by cases composed of an
outer wood, leather and velvet box, with a brass cut-out
matt and glass cover over the actual image. English Her-
itage’s Down House, the home of Charles Darwin, has
eight daguerreotypes of Darwin’s family that have exhib-
ited degradation with the appearance of crystals on the
glass on the inside of the cases which impede viewing the
image. Rapid acceleration of the formation of crystals,
elicited investigation into the degradation mechanism of
the glass. The aim of this work was to provide insight into
the degradation mechanism to allow changes to slow the
degradation and allow continued display of the Daguerre-
otypes in their original context. The spacial distribution
of the glass degradation was of particular interest. Before
the cases were disassembled, the glass-to-daguerreo-
type and glass-to-matt depth was analysed at over 30
points for each using a laser displacement sensor (Acuity
AR600). The effect of glass refraction was compensated
by running a calibration afterwards at each point using
the cover glass and feeler gauges of 20 to 508 um thick-
ness to set the distance between the cover glass and an
aluminium mirror. In some instances the cover glass had
to be turned to account for geometry.

The salts on the glass surfaces were initially analysed
by removing four samples from each plate with a chemi-
cally sharpened tungsten needle, placing them on a dia-
mond ATR and analysing with a Perkin Elmer Spectrum
65 FTIR spectrometer. Later analyses of over 30 salts on
each plate were taken with a IR microscope (Continuum
on Thermo Is-10 FTIR) in total reflection mode. All salt
crystals were determined to be sodium formate. Analy-
sis of multiple samples is important in this instance. Each
plate has hundreds of crystals present and several authors
have reported analyses with mixed ions and other species
present on glass surfaces [10-12]. Whilst representative
crystals were selected for the initial analyses (consider-
ing colour, morphology and size), the same compound
can give different size and morphology crystals depend-
ing on the environmental conditions. This FTIR micro-
scope is not sensitive to chloride as the MCT detector
used cuts off at 650 cm ™. In these instances SEM-EDX
(FEI Inspect) analyses of three of the plates and ion
chromatography (Dionex 600 AS14A column and car-
bonate/bicarbonate eluent), analyses of 18.2 MQcm™
water extracts of 7:3 IMS:water swabs detected very low
concentrations of chloride present, less than 0.3% of the
other anions. Additionally, when analysing directly on
a glass surface, the characteristic 1100 cm™! absorption
bands of sodium sulfate overlap the glass silicate bands
making it difficult to discern the two. Nethertheless, very
low levels of sulfate were detected (less than 1% of total
anions present). One of the glass plates was replaced in
1996, with a modern plate glass. Although this had visibly
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less crystals on the surface than the historical glass plates,
there were still a great number present.

The modern replacement glass was cut into pieces
and a series of cross sections produced, by embedding
in epoxy and polishing. Two of the original glasses had
small chips removed from a corner and were similarly
processed. The cross sections were examined with scan-
ning electron microscopy (FEI Inspect). Surprisingly,
with the number of sodium formate salts present, no vis-
ible gel layers could be imaged. The inside, outside and
cross sections’ glass surfaces were analysed with a Ger-
manium ATR head on the FTIR microscope. Germanium
ATR crystals have the highest refractive index of widely
available ATR crystals and hence, shallowest information
depth. At 1100 cm™}, the information depth was calcu-
lated to be 0.5 pm using the equation derived by Harrick
[13] and a refractive index of 2.3 for glass and 4.0 for Ger-
manium. The degree of glass degradation can be analysed
with the splitting factor (difference in maxima wavenum-
bers) for the Si—O-Si and Si—-O-Na/K bands around
1100 and 970 cm™! [14].

Microcrystalline wax applied to indoor metals

Renaissance Wax, a blend of Cosmoloid H80 and BASF
wax A, is widely used in metals conservation [15]. Previ-
ous research [16] has shown that after a short protective
period, it can actually increase the rate of corrosion for
ferrous metals under high RH conditions. The wax was
exposed on carbon steel pieces in the Secret Wartime
Tunnels under the English Heritage site, Dover Castle.
The previous research indicated that water was present
below the surface of the wax. More precise localisation
of the water was attempted to understand the poor per-
formance observed for the wax coating. Additionally,
experiments were run to understand at what RH water
appears inside the wax and how this water evaporates
when the RH falls. This information is critical to under-
standing in which environments the wax may perform
well. Analysis of the wax coatings with a Nicolet Inspect
IR microscope running off a Nicolet 360 Avatar FTIR
was undertaken in two modes; reflection—absorption and
with a silicon ATR head. The ATR spectra showed a weak
water absorption band at 1645 cm ™!, whilst that from the
reflection—absorption (analysing the whole depth of the
wax and reflecting from the steel surface) showed much
stronger water absorption in all instances. No Rest-
strahlen or derivative bands were observed in the reflec-
tion—absorption spectra and hence, no corrections were
made [9]. Calculations with the Harrick equation and
using 1.45 as the refractive index (RI) of the wax [17] and
a silicon (RI 3.42) ATR head, indicated the information
depth at 1644 cm™! (v, bending vibration of water) was
1.60 um. As the wax deforms under very little pressure, it
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is difficult to ensure the ATR analyses have not depressed
the wax surface, limiting the accuracy of this method.

In order to further investigate the presence of water
in or below the wax on metal surfaces, a calibration for
wax depth on steel was generated. Wax samples were
then ablated with a UV excimer laser (Lumionics Exci-
mer-500) in small steps and analysed with an IR micro-
scope (Nicolet Inspect) running off a FTIR (Nicolet 360
Avatar). Studies have shown that no energy penetrates
beyond the ablation depth for UV lasers in organic mate-
rials [18]. Wax samples were compacted between cop-
per metal foil pieces on a steel plate (excised with lines at
100 pm intervals), allowed to dry, and were determined
to have no further mass decrease on a 5 figure balance.
Multiple sheets were used to form samples, initially 0.5
to 5.0 um deep at 0.5 pm intervals. After drying, the
depth at several points was determined with two meth-
ods. The depth of the single or multiple metal sheets was
known and checked with a micrometer. The micrometer
was bridged backwards across the two metal sheets and
opened until the guide bar touched the wax surface. This
was viewed at 45° with a digital microscope. The surface
was also scanned with a profilometer (Innowep GmbH
TRACEIT), producing a 3D profile of the surface and
the two metal sheets. The depth below the sheets was
calculated at several points. The infra-red spectrum was
determined at several points on each depth division. The
1450 cm™! absorption was used to construct a depth
calibration.

As the actual measurements are taken on a corroded
steel surface, interference from corrosion product spec-
tra was considered. Analytical points were selected with
the visible microscope before switching to IR mode and
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obvious corrosion was avoided, but the absence of low
levels could not be assured. Spectra collected previously
of the full range of reported corrosion products for iron
[19] were re-examined. Figure 1 shows the main bands
(over 10% of the strongest absorption) and the bands of
Renaissance Wax. The choice of band strength is appro-
priate considering the selection of analyses from areas
with no corrosion visible under magnification.

The 1450 cm ™! band was mainly clear of overlap with
iron corrosion product bands, with exception of the
1417 cm™! absorption band of iron carbonate. This cor-
rosion product has only very rarely been reported in
atmospheric corrosion [20] and x-ray diffraction of the
steel surfaces did not detect its presence [16].

A series of wax samples on mild steel coupons were
exposed to atmospheres with RH values of 75 to 95% in
5% intervals above glycerol solutions in well-sealed glass
containers for 3 months. Six coupons were exposed to
each atmosphere. Three of the exposed coupons were
then kept at 40% RH above Prosorb for 3 months. This
is the minimum RH measured in many historic build-
ings, including the 1084 rooms measured at 104 English
Heritage buildings. Each coupon was then sequentially
UV-ablated and the ablation pit analysed with reflection—
absorption FTIR after each ablation. If the water absorp-
tion at 1645 cm™! was greater than 10% of the height of
the wax absorption at 1450 cm™, significant amounts of
liquid water were considered to be present.

Haze

Haze is increasingly being used in heritage spaces for
filming, events and exhibitions, with exposures from
a few hours to several months. There has been no
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Fig. 1 Renaissance Wax spectra and iron corrosion product absorption bands widths (at 10% maximum peak height)
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published research on the impact of the haze materials
on cultural heritage materials and only one report in the
grey literature [21]. Two main types exist, those based
on glycerol and water and those based on mineral oils.
The generator vaporises small particles of the material
that refract light in the room to achieve certain lighting
effects. Some unpublished work has been undertaken by
the National Trust, recommending mineral oil over glyc-
erol and suggesting machines generating finer particles
be used in non-sensitive areas only [21]. One mineral
oil generator was tested and protocols developed for its
use to minimise the risk. A commercial analytical firm
developed a detection method very rapidly. This method
involved exposing two glass slides to the haze and taping
them, faces together, for transport back to the laboratory.
For analysis, the slides were extracted with solvent and
analysed with FTIR. The method gave a detection limit of
1 pg on the 37.5 cm? combined surface of the slides. This
was adequate for detection in the spaces the haze was
used and adjacent spaces receiving high doses.

An exhibition at the Victoria and Albert Museum used
lasers. The use of (Pea Soup) haze oil was requested to
improve their visibility in a 4-month temporary exhibi-
tion space at high level. No Victoria and Albert acces-
sioned objects were present in the space or immediately
surrounding rooms, but there was concern about the
deposition of haze in adjacent galleries. Several precau-
tions were taken, including using the very minimum
amount of oil, only when the exhibition was open. Other
efforts to minimise the haze, involved sealing several
adjacent spaces, using HEPA filtration and negative pres-
sure to draw any haze back into the space through the
exits and entrances. Air curtain was used on the exit.
Similar monitoring was undertaken, but concerns still
existed about the levels of haze deposition in surrounding
collection galleries. The aim of this study was to deter-
mine whether the mitigation strategies had successfully
prevented haze from being deposited on objects in the
surrounding galleries. A method with improved detec-
tion limits was required. There were concerns about the
low evaporation rate of the haze and potential long term
deterioration effects.

A more sensitive method was developed using reflec-
tion—absorption (sometimes called transflection) IR
spectroscopy. Gold-coated slides were exposed horizon-
tally (parallel to floor) and vertically (perpendicular to
the floor) and then analysed with reflection—absorption
(Amplfi-IR accessory) on FTIR (Perkin Elmer 2000). The
accessory uses a 5 cm diameter gold mirror, below the
sample and the beam bounces multiple times from the
mirror and the sample. The distance between the mirror
and the sample determines the number of bounces and
hence, detection limit. A 40 pm distance between the
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mirror and sample slide was selected to give good sen-
sitivity but allow for some smaller dust particles on the
slide surfaces. The distance was measured using a laser
displacement sensor (Acuity AR600). The thickness of
the gold coating was assessed as adequate, as no glass
absorption bands were observed in the background spec-
tra. Such bands would complicate the analysis if present.

Microscopy of the exposed slides showed large par-
ticles up to 120 um on the horizontally exposed slides,
and nothing above 30 pm was observed on the vertically
exposed slides. Tests with air dusters could not remove
the larger particles. A method of attaching the slide
upside down to the top of a vibratory mill and running
for 2 min at 300 rpm appeared effective. This removed
particles down to 30 pm. Good quality spectra were pro-
duced for five of the nine slides, and one slide had a weak
spectrum, but this only contained one of the three strong
IR bands of the mineral oil.

The slides had been exposed for almost 60 days and
large amounts of dust were visible. The IR spectra indi-
cated the dust was mainly proteinaceous, likely to be
either skin or woollen fibres. Haze is more commonly
used for single events and the general exposure period
would be much shorter, meaning much less deposited
dust. Images were collected under 100x magnification
and processed with Image-] for percentage coverage and
a length ratio for each particle. This indicated that fibres
(longest measurement, L/shortest measurement, S>3)
composed of approximately 1-4% surface area coverage,
particles (L/S<3) approximately 3-9%. This indicated
skin flakes were the major component of the dust. Two
of the characteristic absorptions of the mineral oil (1370
and 712 cm™?!) occurred in regions that had no peaks in
the dust spectra (standard spectra for wool and human
skin).

A calibration was produced by sequentially diluting
the oil (Pea Soup) in petroleum ether (80-100 °C). A
controlled volume (0.1 pltr) was pipetted onto a 10 MHz
piezo electric quartz crystal (PQC) in the centre of the
5 mm diameter gold contact. The PQC was allowed to
dry for 7 days in a fume cupboard and no spreading of
the sample beyond the gold contact was confirmed with
examination in UV light (the oil fluoresced strongly on
both gold and quartz).

Results and discussion

Daguerreotype cover glasses

Typical ATR FTIR microscopy spectra are shown as
Fig. 2.

In all instances, the inner glass surface was significantly
more degraded than the outer surface. This indicates the
environment inside the Daguerreotype packets is more
corrosive than that in the showcase. As expected, the
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glass at the centre of the cross sections did not show dis-
tinct peaks and no splitting value could be determined.

Several spectra were taken at each point measured
with the laser previously. The results for the interior glass
splitting value versus glass to image or matt depth for two
glasses (George and Annie) are shown in Fig. 3.

The degree of degradation of the glass, indicated by
the splitting value, is greater for the shorter distance
gaps above the matts for both glasses. There is slightly
less degradation for the glass from Annie than that from
George above the matt (10-40 um). The glass above the
deeper image rebate (230—430 um) is less degraded and
that from Annie is significantly less degraded than that
from George. There is a rough negative correlation with
depth and the slopes are different for the smaller glass-
to-matt and much deeper glass-to-image analyses. The
slopes are different for each of the two glass plates shown.
This may indicate differences in the environment inside
the two packets or differences in glass susceptibility due
to different glass compositions. Records as far back as the
1930s indicate both Daguerreotypes were stored or dis-
played together, meaning the external environment was
the same. The glass on the exterior of the Daguerreo-
type packet from George was slightly more degraded
(61-70 cm™!), than that from Annie (54—66 cm™'), per-
haps indicating a more susceptible glass composition if
the environments were identical. Although, the condition

of the glass when the packet was made is unknown and
that from George could have been stored for longer
before use or in more aggressive conditions. Addition-
ally, the ingress of pollutants such as formic acid and
water vapour depends on the exact sealing of the pack-
ets and will probably differ between them. Research on
Daguerreotype glass degradation is very limited. Whilst
much progress has been made in understanding bur-
ied glass deterioration [22], there are few studies of the
atmospheric processes occurring on historic glass com-
positions. These have been reviewed [23]. The deteriora-
tion within a Daguerreotype packet is clearly more rapid
than in the ambient air around the packet and more com-
plex. The single published study of Daguerreotype glass
deterioration stated ‘it is rare to see patches of weeping
glass directly above the matt’ and ‘more common to see
clusters of droplets in the more central portions’ [24].
These results appear to be based on visual examination,
although the authors characterised the corrosion prod-
ucts and bulk glass chemistries and mentioned under-
taking SIMS and microRaman analyses, which were not
reported or published subsequently. This result con-
tradicts that work and emphasizes that although visual
examination is a valuable first step, it can be misleading.
This may have important ramifications for understand-
ing the deterioration mechanism. For example, both
accelerating pollutant ingress (such as formic acid) and
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condensation would be expected to have more impact
at the edges or in narrower spaces. Both of these occur
more strongly above the matt in Daguerreotype packets.

Renaissance Wax

The calibration using the 1450 cm™! absorption in reflec-
tion—absorption FTIR on the different depths of Renais-
sance Wax is shown in Fig. 4.

Each point is the average of eight measurements of
each different depth sample. The error bars are 2 stand-
ard deviations of the peak area measured. The green lines
are the lower and upper confidence limit at 95% for the
calibration generated.

Figure 5 shows representative results of the water
depth analysis with subsequent excimer ablations. Those
depth segments of the wax with significant water present
are marked in blue. The excluded RH values showed sim-
ilar results and the samples with both the minimum and
maximum depth of water present are included in Fig. 5.

There was no statistical difference between the meas-
ured depth for water present between any of the 30 anal-
yses taken (t-tests at 99% confidence interval), indicating
that once the RH exceeds 75% the phenomena occurs
and long exposure to 40% RH does not remove any of
the water. Based on these results, it is clear that water is
present in the lower portion of the wax, adjacent to the
steel surface. Full results of the corrosion experiments
and their interpretation have been published separately
[25]. The localization of the water and particularly evi-
dence that ambient drying does not remove it, was essen-
tial in understanding the poor performance of the wax
observed. The danger of holding water close to a metal
surface has been recognised [26] and whilst poor perfor-
mance of microcrystalline waxes has been measured [27-
29], the causes have not been investigated previously.
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Haze
Results of the PeaSoup haze calibration are shown in
Fig. 6.

The detection limit of that 10 MHz crystal and the
Open PQC equipment used for measurement is quoted
at 1 ng. The infra-red produced good spectra at 10
times dilution of this, but not at a 20 times dilution. The
detection limit is estimated at 0.1 ng, but mass meas-
urement was not possible down to this level. However,
the calibration line is a good linear fit at masses from 1
to 65 ng. Assuming this is valid, the detection limit is
over fifty times lower than the commercial method.

Results of the analyses are shown in Table 1.

Haze deposits were detected in adjacent galleries,
which had been invisible to the previous method. This
is critical, as the company’s literature states ‘it leaves
behind no residue deposits’ [30]. The long term effects
of the haze on objects therefore becomes important.
The mineral oil has a very low vapour pressure and will
not evaporate over several years and probably decades.
Repetition of the calibration with the original samples
after 12 months, showed no detectable loss of oil. Three
obvious mechanisms occur by which the haze residues
could have deleterious effects.
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Table 1 Amount of haze detected at different locations
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Slide number Orientation Amount of haze (ng) Observations

1 Horizontal 3244 Very large amount of proteinaceous dust, trace haze
2 Vertical 2443 Large amount of proteinaceous dust, some haze

3 Horizontal 8+1 Very large amount of proteinaceous dust, trace haze
4 Vertical Below detection Very large amount of proteinaceous dust

5 Horizontal 1242 Very large amount of proteinaceous dust, trace haze
6 Vertical Below detection Very large amount of proteinaceous dust

7 Horizontal 5610 Small amount of proteinaceous dust, trace haze

8 Vertical Very weak spectrum

9 Initially vertical, fell and ended Below detection Small amount of proteinaceous dust

horizontal

+ Increased soiling rates: For many surfaces dust par-
ticles leave the surface as well as depositing [31], the
haze could adhere particles, preventing this happen-
ing.

+ Increased moisture content: The mineral oil has
some hygroscopicity, which may corrode metal sur-
faces at lower humidities [32] and may increase the
degradation rate for many organic materials [33].

+ Mould germination at lower RH: for some uncom-
mon mould species this effect has been reported for
glycerol [34]. Similar effects may occur with moulds
observed on heritage collections.

Potential increased soiling rates were investigated by
exposing duplicate glass slides horizontally and verti-
cally (to the floor), in a room and adjacent rooms dur-
ing haze use for filming (1 day, 300 ml Pea Soup haze) at
Eltham Palace. The day after filming, one set of slides was
removed and another clean set of slides were exposed
adjacent to the first slides. The slides were analysed with
automated image analysis under a microscope [35].
Results are shown in Table 2.

Table 2 Dust deposition during and after haze use

As can be seen, there is very low measureable depo-
sition of dust during haze use. The haze droplets are so
small (0.2 um), that they would not be expected to be
detectable with the system used, which has a minimum
particle detection limit of 2 pm for spherical particles.
For all the slides, the dust deposition rate increased dra-
matically with the haze residues present. The effect was
stronger for vertically oriented slides. This is particularly
concerning for fragile surfaces and in historic houses,
where housekeeping consumes a very significant part of
preventive conservation budgets [36].

Considering increased moisture content for organic
materials, the maximum reported deposition rate has
been 4 pg of haze over a 37.5 cm? area [21]. Mineral oils
generally have very low hygroscopicity, compared to glyc-
erol [37, 38]. Taking the worst case of a glycerol haze, full
isotherms (from 10 to 100 °C) have been published [38].
Assuming a low density, 60 g/m? paper substrate (to give
the lowest object mass and hence, proportional glycerol
mass), the mass of paper per 37.5 cm? is 2.25 mg. At 50%
RH a typical paper would have 6 mass percent moisture
present, 0.135 mg [39]. The deposited glycerol haze, 4 g,

Location/orientation Dust deposition%

Percentage increase

in dust deposition

Directly after filming (1 day After filming New slide (30 days

exposure) plus 30 days exposure)
Haze room/hor 0.01 2.1 12 175
Haze room/hor 0.01 1.7 0.8 213
Haze room/ver 0.00 0.09 0.03 300
Adjacent room A/hor 0.02 2.8 17 165
Adjacent room A/hor 0.01 2.1 1 210
Adjacent room A/ver Below detection 0.11 0.03 367
Adjacent room B/hor 0.02 1.1 0.6 183
Adjacent room B/hor 0.01 14 0.9 156
Adjacent room B/ver Below detection 0.07 0.02 350

Hor horizontal, Ver vertical
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would hold 20% water at equilibrium at 50% RH, giv-
ing an additional moisture load of 0.8 pg or 0.59% of the
water already present. This is extremely unlikely to affect
physical response or chemical aging.

It is clear haze should be used with caution. Small
amounts are deposited in adjacent rooms. The low level
deposits increase soiling rates and although a single
exposure is unlikely to have adverse effects on organic
materials through increased moisture content, multiple
exposures will be cumulative. Work is underway investi-
gating the effects on metal corrosion and some literature
indicates the potential for mould germination at lower
RH values [34]. Further research is required to fully
assess the long term risk.

Conclusions
More sensitive analysis gives earlier detection of degra-
dation, which is extremely useful for conservation. The
more widely used SEM examination of cross sections
could not determine a gel layer on the Daguerreotype
cover glass surfaces, while using the most surface-sensi-
tive ATR crystal has both determined, and quantified, the
gel layer. The enhanced deterioration on the inside glass
surfaces indicates the environment is more corrosive
inside the Daguerreotype packets than in the showcase.
The distribution of deterioration gives important indica-
tions on the likely degradation mechanisms. The method
is non-invasive and suitable for sound glass. ATR FTIR
analysis is limited, in that if the gel layer extends beyond
0.5 pm, no further changes in FTIR would be seen. The
information depth can be extended by using a lower
refractive index ATR crystal, such as zinc sulfide, which
would extend the information depth to 1.5 pm, albeit
with a reduction in sensitivity. Total reflection FTIR can
also be used and has been shown to successfully give
decent quality spectra at least on some glasses to a depth
of up to 2.04 mm [40] and is effective at monitoring the
later stages of glass degradation. If sensitive analysis can
be repeated at the same point, or using statistical meth-
ods across a surface after a time period, real rates of deg-
radation can be analysed. The importance of this cannot
be over-emphasised, as surrogate materials are often
poor replicas of actual aged historical materials; many
heritage environments are complex and their effects are
difficult to replicate with simple laboratory experiments.
The assessment of conservation treatment performance
is critical to improving conservation practice. The inter-
action of conservation materials with the environment
and artefacts is frequently a surface phenomenon. The
identification of liquid waters presence at the steel wax
interface contributes to explaining the poor performance
of Renaissance Wax and enhanced corrosion of steel
coated with it, at higher relative humidities. The effective
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lack of evaporation, exasperates the situation. Another
area where the technique can contribute is identifying
unknown lacquers and conservation materials. Conser-
vation records are rare before the 1970s and as several
materials have been in very long term use, their perfor-
mance after many decades of natural aging is of major
interest. Identification is the first stage in this process in
the absence of treatment records and reflectance FTIR is
uniquely suited to this task for coatings on metals.

For monitoring, sensitivity can be critical. In many
instances ‘safe’and ‘damaging’ concentrations have not
been defined, and using the detection limit of a particular
technique can be misleading. In the case presented, the
50 times increase in detection limit identified haze resi-
dues. These residues adjacent to objects in galleries away
from the haze application means the mitigation applied
was not fully successful and has potential long term
impacts on collections.

Abbreviations

ATR: attenuated total reflection; FTIR: Fourier transform infra-red; IR: infra-red;
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