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ABSTRACT

COLOR ANALYSIS OF APPARENTLY ACHROMATIC AUTOMOTIVE PAINTS

BY VISIBLE MICROSPECTROPHOTOMETRY

By

Kristin A. Kopchick

Chromatic secondary pigments are utilized in achromatic automotive paints to

create unique paint systems. Achromatic paints are considered to lack color and include

white, black, and shades of gray. The chromatic pigments that add an intended color

effect may not be observable in reflected light; however, utilizing visible microspectro-

photometry (MSP) discriminating data may be gathered. This study analyzed 160

apparently achromatic automotive paints via this technique for spectral evidence of

chromatic secondary pigmentation. Positive spectral results were attained in the black and

gray/silver topcoat sample set while the white topcoat and gray undercoat set yielded no

spectral data. The data suggests that paint analysis schemes should incorporate visible

microspectrophotometry for black and gray/silver samples.
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Introduction

Color analysis is a valuable aspect of any paint comparison performed in a

forensic setting. The American Society for Testing and Materials (ASTM) and the

Scientific Working Group on Materials Analysis (SWGMAT) recognize the importance

ofthis element and outline guidelines for consistent definition and comparison of color.

Different techniques have been developed to provide information on color including

visible microspectrophotometry (MSP) which allows discrimination of samples by their

interaction with light in the visible region of the electromagnetic spectrum. Both ASTM

and SWGMAT have recommended absorption spectrophotometry as discriminating

techniques for paint color (1,2). As light strikes a paint coating, some wavelengths will be

absorbed based on the chemical composition of the paint and all others will be reflected

resulting in the observable color of the paint. A paint which appears blue is reflecting the

wavelengths of visible light in the blue region and absorbing the wavelengths of the

complementary colors which comprise the remainder ofthe color spectrum. Variables

involved with observation by the human eye include the physical state of the observer,

lighting, and microscope optics. One ofthe primary goals of the ASTM and SWGMAT

guidelines is to promote consistent analysis. Removing the subjective analysis of color is

a step toward achieving this goal.

MSP eliminates the majority of these variables and produces a calibrated,

objective measurement of the sample's interaction with light. MSP has been proven to be

more sensitive than the human eye to differences in color (3). Early MSP was based upon

reflectance which measured the amount ofwhite light a sample would reflect. Later

developments allowed for transmission spectroscopy which is preferred over reflectance



due to the decrease in noise and artifacts (4). The transmitted light is dispersed by

wavelength and graphically represented as a spectrum ofpercent light transmitted versus

wavelength.

Both black and white are defined as achromatic due to their interactions with

visible light as are neutral grays which are hues ofblack. The color perceived as white is

a result of the reflection of all wavelengths of visible light. On the contrary, black objects

absorb all wavelengths and the resulting lack ofreflected light is perceived as the color

black. Achromatic materials reflect or absorb all wavelengths approximately equally and

therefore lack what is perceived as color. Because of this, achromatic forensic samples

are not typically analyzed via visible MSP.

Automotive paint is a non-homogenous suspension of a binder and pigments

whose purpose is two-fold: appearance and corrosion prevention. Pigments can be

divided into four groups - white, color, inert, and functional. Inert and functional

pigments serve as fillers and may impart some beneficial attribute to the coating such as

corrosion inhibition or elasticity while white and color pigments account for the physical

appearance of the layer. Rutile titanium dioxide is the predominant pigment used in white

layers and as a shading agent in conjunction with other pigments. This pigment has a

relatively high refractive index of 2.76 while most binders have a refi'active index around

1.5, a difference of 1.26. As light travels from one material to another of a different

refractive index, scattering occurs which is important for hiding in paints. Scattering is

the internal reflection of light in an object and increases as the difference in refractive

indices increases. Hiding prevents the darker undercoat or raw substrate layers from

being observable in the finished product. Effective hiding is integral to quality paint



appearance and industry demands for superior paint systems have supported the use of

titanium dioxide for this beneficial attribute.

The pigments used to create black automotive coatings are the products of partial

combustion ofpetroleum products or natural gas and are called carbon-blacks. The exact

process and raw materials used to produce these pigments determine their chemical

nature: however, they are essentially elemental carbon. Different groups of these carbon-

black pigments exist with different particle sizes and jetness, which is a measure of

blackness. Channel, furnace, and lamp blacks are examples of carbon-black pigments

with increasing particle size and decreasing jetness (5).

While titanium dioxide is the preferred white pigment, it absorbs in the violet

region which results in a white paint that may display a yellowish tint due to the violet

wavelengths that are not reflected. To counter this, manufacturers may add a secondary

pigment that will not absorb where titanium dioxide does, such as carbazole violet or

even black pigments (5). This type ofpigment modification is an example of secondary

pigments being used to improve the final achromatic color of the coating. There is also

demand on the automotive industry to develop paint systems which are unique and

appealing yet still maintain high quality. The use of secondary pigments to impart a

chromatic effect in an achromatic color system would be an example of this. The benefit

in this instance would be subtle chromatic tinting of the achromatic shade.

Automotive paint manufacturers also often add secondary pigments to paint

formulations to produce unique vehicle coatings. While the final paint coating appears

achromatic, it contains pigments which are chromatic and could yield spectral data.

Previous work has been done in analyzing colorless automobile topcoats via ultraviolet or



near infrared MSP. No prior work on has been located regarding colorimetric analysis of

achromatic color layers. This study examined a set of apparently achromatic automotive

paints via MSP. The goals of this project were to determine if it is possible to obtain

informative spectral data from apparently achromatic paints in the visible region and if

the spectra could be of value in forensic comparisons.



Methods

One hundred twenty paint samples were obtained from damaged vehicle panels at

salvage yards and local body shops. Forty samples each were obtained from vehicles with

white, gray/silver, and black topcoats. An additional 40 samples of gray undercoat were

obtained from the original vehicular samples resulting in a total sample set of 160. The

vehicle data was recorded to track the origin of the samples (Appendix A). Sample set

was not intended to be unbiased and was collected with minimal regard to manufacturer

and year ofproduction. Table 1 summarizes manufacturer and year ofproduction for the

120 collected samples.

Samples for MSP were prepared by manually removing a thin peel of the desired

layer and mounting on a microscope slide. This peel was thinned by rolling (Excel razor),

immersed in 1.520 Cargille refractive index oil, and a coverslip applied. A second rolling

over the coverslip was performed immediately prior to instrumental analysis. This

preparation is consistent with techniques reported in published literature (6).

Examination via polarizing light microscopy (PLM) was performed with an Olympus

BX41 microscope at 400x magnification. This ensured proper preparation and absence of

excessive contamination by adjacent layers. Presence of metallic flake or visible

pigments was also recorded (Appendix B).

Visible microspectrophotometric analysis was performed on a SEE 2100 with 15x

objective. Grams 32 software was used for spectral manipulation and instrument control.

NIST traceable standards were used to calibrate the instrument. Dark and reference scans

were performed prior to analysis of each sample. Samples were analyzed in five locations

in absorbance mode. Each location analysis result was an average of ten scans.



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Manufacturer Number of samples Year of Production Number of samples

BMW 1 1986 1

Chrysler 13 1987 1

Chrysler 2 1988 3

Dodge 1989 5

Plymouth 4

Ford Motor Co. 31 1990 8

Ford 19 1991 9

Mazda 5 1992 9

Mercury 7 1993 1 1

General Motors 56 1994 5

Corporation

Buick 7 1995 9

Chevrolet 25 1996 14

Geo 2 1997 9

GMC 2 1998 5

Oldsmobile 6 1999 10

Pontiac 10

Saturn 4 2000 3

Honda Motor Co. 3 2001 7

Acura 1 2002 7

Honda 2 2003 2

Hyundai 2 2004 2

Kia 2

Mitsubishi 2

Nissan 4

Subaru 2

Toyota 4    
Table 1: Vehicle totals by manufacturer and production date.

 



Results and Discussion

The majority of the samples resulted in a featureless curve in the visible range.

This is characteristic of the flat absorption expected with achromatic samples. Some

samples showed a spectrum with an increase in absorption in the same region. This

region was typically between 550nm and 700nm and the absorption varied in intensity.

Any absorption that was visually distinguishable fi'om the flat achromatic absorption

samples was classified as a positive spectral result.

In the black sample set, 11 of40 yielded spectral information. Seven of the 11

samples demonstrated a slight absorbance at 700nm. Three ofthe 11 had absorbances

from 575nm to 680nm. One sample displayed a very strong absorbance at 620nm with a

shoulder at 580nm and a second absorbance at 690nm. Review ofmicroscopy notes

revealed that this sample had a blue tinted binder and was taken from a vehicle which

appeared black or dark blue-black. Chromatic pigments would then be present and strong

absorbances would be expected. The three samples with absorbances at 575nm to 680nm

were noted to have chromatic pigment particles visible in PLM analysis. All three were

distinguishable from one another. The seven samples with slight absorbances near 700nm

did not show any chromatic pigment particles during initial examination via PLM (Figure

1).

In the gray/silver sample set, 10 of40 yielded some spectral variation. Two of the

10 gave weak absorbances at 525nm and 575nm. These samples were not distinguishable

based on visible spectra. Eight of 10 resulted in stronger and more distinct absorbances

through out the entire visible region (Figure 2). This larger set was found via PLM to

have a tinted binder. Similar to the single black sample with strong absorbances, this type



 

 
   

400nm 450 550 530 600 6510 760 750nm

Figure l: Absorbances in the visible spectrum may be the result of colored binders or

pigments which may or may not be visible in reflected light. A: 1996 Ford Explorer

where no pigments were visible via PLM, B: 1999 Mercury Sable with tinted binder, C:

1996 Oldsmobile Cutlass where pigments were visible via PLM.



 

 

  
 

400nm 450 560 550 660 650 760 750nm

Figure 2: Spectra A and B represent gray samples which displayed strong absorbances

throughout the visible region due to colored binders. Spectrum C with weaker

absorbances at 525 and 575nm is consistent with grey samples with pigments visible via

PLM. A: 2002 Honda Odyssey, B: 2004 Saturn Ion, C: 1996 Oldsmobile Cutlass.



of response in MSP would be expected with a colored substance. In the initial PLM exam

ofthe set oftwo samples, chromatic pigment particles were identified

Within the white sample set, no informative spectra were obtained. All samples

resulted in a very noisy, flat absorption. This is likely due to the prominent white

pigment, rutile titanium dioxide. Its high refractive index and effective light scattering

attributes prevent light from being transmitted and spectra being obtained. Similarly, the

gray undercoat set also gave noisy, uninformative spectra. As undercoat layers are not

typically seen in the final automotive finish, there is little need for these layers to be

pigmented with a secondary pigment.

When the data gained during MSP analysis is compared to the observations made

via PLM, three sources of color in the achromatic samples can be identified. In the case

of the samples where a colored film or binder was identified, this is clearly the chromatic

element. Whether the coloration is a result of a dye element or finely dispersed pigment

particles, the effect is visible in reflected light. The MSP spectra were reproducible and

were valuable in distinguishing between samples whose binders appeared similarly

colored via PLM. Samples in which chromatic pigment particles were visible via PLM

typically had a clear binder and while the pigments could be identified the sample did not

appear colored. Concentration ofthe particles varied between samples as did the colors

observed. Some samples only displayed one color ofpigment while others displayed up

to five. The spectra of these samples had greater noise and displayed weaker absorbances

than that of the colored film set however; they did not vary based on analysis location

within a sample. This indicates that while the heterogeneity of the sample is visible in

PLM, the spectral analysis via MSP was fairly consistent within the aperture size utilized

10



(Figure 3).

 

    
400nm 450 500 550 600 650 700 750nm

Figure 3: Five analyses from sample B34 taken from different locations. B34: 1993

BMW 318i
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The final group of samples which yielded positive spectral information was not

identified as having chromatic pigment particles during the initial microscopic

examination. The group had very consistent spectra in MSP with slight absorbances at

700nm. Sample reproducibility within this group was also good. This set was re-

examined via PLM and in some cases (3 of 7) faint pigment particles could be detected

when the lamp intensity was varied. The presence of these chromatic pigments was not

noted upon initial examination due to their faint color and the presence ofthe dark

achromatic pigments.

As with any non-homogenous sample, control ofpreparation, and sampling is

extremely important to ensure quality analysis. Sample considerations include obtaining

consistent thickness and parallel planes during preparation. Microscopic techniques,

including color comparisons must be made under similar conditions, e.g. same instrument

and analyst, etc. Sample thinning was performed to obtain the shortest possible path

length for improved MSP resolution. The analysis locations were also chosen to improve

resolution. The thinnest areas ofthe mounted sample were scanned regardless ofpigment

presence or density. The only other consideration made during sampling was to avoid

metallic flakes which efficiently refract light to produce their effects and would interfere

with obtaining spectra.

12



Conclusions

This project analyzed achromatic automotive paints for the purpose of

determining whether microspectrophotometric spectra were attainable in the visible

region and if those spectra could have forensic value. For white and gray primer coatings,

no spectra were obtained and the technique yielded no discrimating value. However, for

black and gray paints, some spectra were obtained. This spectral information enabled

discrimination ofthe positive samples from those that did not yield spectra. Additionally,

some discrimination was possible within the group ofpositive samples. When the data

obtained via PLM and MSP are used in conjunction, the level of discrimination increases.

The work ofthis thesis also proposes sources of chromaticity in the achromatic

materials that could result in spectra. A colored binder is an apparent source and is often

observable during preparation and noted via PLM. These samples often originated from

vehicles that appeared to have a slightly tinted color such as greenish gray. MSP enabled

discrimination between the metarneric pairs. The second source of color identified was

agglomerations ofpigment particles that were visible via PLM. Spectra were

reproducible and displayed absorbances at different wavelengths, allowing

discrimination. Samples that showed neither colored binders nor visible pigments

comprised the third group. It is proposed that these paints contain some secondary

chromatic pigments which are not visible in reflected light but do absorb in the visible

region enabling them to produce spectra. As the presence of this chromatic element is not

noted in a microscopic examination, MSP analysis becomes significant.

Achromatic paints are commonly used vehicle coatings. Recent information

shows silver is the most popular vehicle color with 24.1% of2005 model sales in the

13



fourth quarter of 2004. Black was second on the list with 16.7% of sales. (7) The

possibility that achromatic coatings will then be encountered by the forensic analyst is

rather high. Paint evidence may be analyzed via polarizing light microscopy and infrared

spectroscopy and no discriminating data gained. The application of a

microspectrophotometric technique may reveal different absorbance trends in the visible

region. This may allow questioned and known samples to be discriminated. Additionally,

consistent results in MSP analysis, combined with other analyses, reduces the class size

ofcommon sources and strengthens the association between questioned and known

material.

As a colorimetric technique, MSP analysis can be applied early in the analyst's

scheme, preferably after a PLM examination and prior to infrared spectroscopy or

elemental analysis. The necessary preparation of samples for MSP analysis is in line with

that for there techniques and can be easily incorporated. While this study found no

valuable information with the white sample set, the data suggests that while a sample

appears achromatic, a MSP spectrum may be attainable. This project advises analysis of

all color layer samples which may include very subtly pigmented samples including

white. Very pale chromatic samples may appear white especially considering the small

sample size typically encountered in forensic settings.

In summary, the work of this thesis promotes the use of visible

microspectrophotometric analysis techniques in regards to black, and grey or silver

automotive paints. Increased discrimination based on the presence or absence of

secondary chromatic pigments is the basis for this recommendation. This work has shown

these pigments to be present with artifacts both visible and non-visible via microscopy

l4



and to yield spectra due to absorbances in the visible region. Substantial forensic

information may be gained via this technique. It is therefore recommended that when

MSP is regularly included in an automotive paint analysis scheme it should be included

in schemes involving black and gray/silver topcoats.

15



Future Work

The conclusions of this thesis have raised questions that are in need of future

investigation and research. Studies with a larger sample size may be able to significantly

determine whether microspectrophotometric techniques offer more resolving power than

polarizing light microscopy. Increased sample size with consideration paid to

manufacturer during collection would also allow for increased interpretation.

Determining what percentage ofthe automobile paint population yields positive spectral

results would be valuable in analyzing the importance of this class. Also, investigatory

information may be developed that would be useful when only questioned material is

available.

Interesting topics to investigate include the effects ofweathering and sampling

location (roof, door, quarter panel, etc.) Applying the techniques used in this thesis to

other apparently achromatic materials may also prove informative. Such materials

include achromatic fibers which also utilize pigments and possibly contain secondary

chromatic elements.

It was noted in the course ofthis research that certain samples contained very

large agglomerations ofpigments. These were often gray paints with secondary blue

pigments. One sample was analyzed in four locations based on thickness, as was the

established method, and the fifth analysis was taken of the secondary pigment. It was

possible to place the aperture ofthe MSP within the border of this agglomeration and

obtain a spectrum from the pigment particle alone. The first four locations yielded flat

absorptions while the fifth yielded a positive spectrum. Future work into this application

of selective scanning could prove beneficial in discrimination between these pigment

l6



agglomerations. Effects of size and distribution within samples that contain these

pigments would first need to be studied.

References were located that recommended the-use of a microtome for sectioning

and thinning. While not performed in this research, microtoming could produce thinner

samples that could improve spectral analysis. One ofthe chromatic sources identified in

this project included pigment particles identified via PLM. However, there were samples

that displayed these pigments but did not yield spectral data. Applying microtoming to

these samples prior to MSP analysis would be an interesting project to determine if

thinning would truly increase microspectrophotometric analysis. Microtoming may also

reduce the sample concentration of chromatic elements by creating such thin samples that

the MSP analysis loses resolution. Analysis ofmicrotomed samples that yielded positive

spectral results when manually peeled would investigate this possibility and could

provide conclusions.

l7



APPENDICES

Appendix A - Vehicular data collected for all automotive samples

Appendix B - Polarizing Light Microscopy Data

Appendix C - Visible Microspectrophotometry spectra for all positive samples
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Appendix B

Table 3: Polarizing Light Microscopy Data
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W31 Buick Le Sabre limited WHITE "

W32 Chevy Lumina WHITE "

W33 Olds Cutlass GLS WHITE " .

[No flake, properly

W34 [Plymouth Acclaim WHITE mounted

35 Chevy S10 Pickup WHITE "

36 Buick [Regal WHITE "

W37 [Ford Contour WHITE little contamination

No flake, properly

W38 lFord van WHITE Mounted

W39 Ford [Focus WHITE " A

W40 Acura 2.2 CL WHITE "

Transparent with flake,

G1 [Dodge Caravan SE GRAY roperly mounted

transparent with flake,

62 Chevy Cavalier GRAY properly mounted

GS Toyota Tercel DX SILVER Heavy flake

Transparent blue with

G4 Kia [Rio CRAY Flake

Transparent with flake,

pigments visible, some

G5 Subaru Loyale SILVER rust and primer cont.

heavy flake,

G6 Chrysler [New Yorker SILVER little pigment

little blue pigment,

G7 Ford Mustang SILVER flake, some rust cont.
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Appendix C

Visible Microspectrophotometry Spectra for all Positive Samples
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