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ABSTRACT. Although infrared luminescence has been accepted as a valid method to differ- 
entiate among inks since at least 1963, the effect of household chemicals or body fluids on in- 
frared luminescence properties has not been evaluated. Many ink formulations contain one or 
more components that luminesce under infrared irradiation. In about 50% of all ink formula- 
tions, these components cannot be seen under luminescence. This masking effect was diminished 
in one of these inks by treating the ink line with body oil, perspiration, acetone, acetic acid, 
hand lotion, milk, water, Windex | and twelve other solutions found in a household, allowing 
the luminescent properties not previously visible to be readily discerned. This phenomenon casts 
doubt on the reliability of using solely infrared luminescence to differentiate among inks. 
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Infrared luminescence has been portrayed as a valid method to differentiate among inks 
in the United States since about  1963. Royston J. Packard [1], in a paper  presented at the  
15th Annual  Meeting of the American Academy of Forensic Sciences in February 1963, 
stated, "Various photographic  methods have been applied to the nondestruct ive examina- 
tion of inks, bu t  with limited success. Of such methods that  of infrared luminescence is the  
most useful, and can be dramatically effective in differentiating some inks ."  Hoover [2] 
referred to a photographic infrared luminescence technique used in the USSR since 1958, 
and Somerford [3] provided "a  historical review of its introduction in this country by 
Godown, its early application at the Chicago Postal Laboratory by Wilson, and its extensive 
investigation by Gosling at Eas tman  Kodak Company."  

In June 1980, examination of a questioned signature revealed tha t  the first name lumi- 
nesced while the surname did not. Visually, the  signature appeared to be written with one 
ink. The signature was examined by the Alcohol, Tobacco, and Firearms Laboratory, De- 
par tment  of the Treasury, which confirmed the signature was indeed written with one ink 
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formulation. Whereas the given name luminesced, the surname showed no luminescence 
under an infrared viewer (Model J, Research Devices, Inc.). Some old technical notes made 
with a Fisher ball-point pen containing the same blue ink formulation used for the ques- 
tioned signature demonstrated the same phenomenon. This formulation contained lumi- 
nescent components that are masked by a nonluminescent component. It was postulated 
that the written ink line had been disturbed by some substance, probably perspiration, 
which caused the masking component in the ink to diffuse and allowed the previously masked 
luminescent component in the ink formulation to become visible. 

Experimental Technique 

In view of this observation, additional experiments were performed with 20 solutions, in- 
cluding many commonly used around the home as well as perspiration and body oil. Under  
microscopic examination, all of the solutions were found to either diffuse the masking com- 
ponent or to leach the luminescent components in the Fisher ink formulation. The result was 
that the writing specimens luminesced to different degrees. It was noted that half of the solu- 
tions had little or no effect upon the writing line. The solutions had varying effects upon the 
visible luminescence, ranging from very bright to barely perceptible using the Model J infra- 
red viewer. Some of the specimens that did not luminesce sufficiently to be visible in the 
Model J infrared viewer did when viewed with the closed circuit television system available at 
the Alcohol, Tobacco, and Firearms Laboratory. With the Model J, the Fisher ink appeared 
nonabsorbing in the infrared mode and dark in the infrared luminescence mode (black 
luminescence). Some of the solutions were also found to affect black luminescence. This was 
most perceptible for those solutions that did not induce bright luminescence. Two types of 
paper were used in the experiment, an unlined white 3 by 5 card and 25% cotton govern- 
ment bond. In most instances the effect of the solution on the ink writing line was not greatly 
affected by the type of paper. Although none of the solutions luminesced, some did affect 
the luminescent properties of the paper. The results of these tests are presented in Table 1. 

Comments 

In any examination of an ink with infrared luminescence, the evaluation should be made 
relative to the luminescence of the paper. If the ink and paper luminesce at the same level, 
the luminescence of the ink cannot be distinguished. If an ink luminesces more than the 
paper, the writing line will be brighter; likewise, if the paper luminesces more than an ink 
(black luminescence), the writing line will be darker. If a paper does not luminesce, then any 
luminescence is due solely to the ink. Hence, it is possible for the same ink to luminesce on 
one paper but not to luminesce on a second. 

With regard to their infrared luminescent components, inks can be placed into three 
classes: 

1. The ink contains components that luminesce. 
2. The ink contains no components that luminesce. 
3. The ink contains some components that luminesce and other components (masking 

components) that do not. 

The third class encompasses about half of all ball-point inks, for example, the Fisher for- 
mulation used in the experiment. Some masking components include copper-based dyes, 
graphite, and carbon. 

It will be difficult to differentiate among inks using solely the nondestructive techniques of 
infrared luminescence because inks in the third class can range from nonluminescent to 
brightly luminescent depending on their content of masking components and, thus, can be- 
come indistinguishable from inks in the first and second classes. Also, as has been shown, 
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TABLE 1--Efject of solutions on luminescence of  ink and paper and on integrity of  ink line. 

Amount of Disturbance to 
Luminescence" Ink Line 

Solution Card Bond Paper Card Bond Paper 

Untreated - 2 -- 2 NA b NA 
Perspiration - 1 0 none none 
Skin oil + 2  + 1 none none 
Saliva - 1 + 1 none none 
Acetic acid 10% + 3  + 3  yes yes 
Nitric acid 5% +3  + 2  yes yes 
Acetone + 3 + 1 yes yes 
Acetone 10% -- 1 + 1 yes yes 
Hand lotion + 1 + 2 none none 
Hydrochloric acid 10% + 3  + 3  yes yes 
Water -- 1 -F 1 slight slight 
Butane + 2 + 1 none none 
Clorox | 0 + 1 yes yes 
Milk + 3 + 2 none slight 
Soda -- 1 + 1 none slight 
Salt solution -- 1 + 1 none none 
Vinegar + 2 + 2 none none 
Windex + 3 + 3 yes yes 
Hair spray + 3  + 3  yes yes 
Ammonia + 2 + 3 yes yes 
Carbon tetrachloride + 1 + 1 none none 

"--2 ink luminesces less than paper (black luminescence), 
- -  1 ink luminesces less than paper (black luminescence), 

0 ink luminesces same as paper, 
+ 1 visible luminescence, 
+ 2  bright luminescence, and 
+ 3  very bright luminescence. 

bNot applicable. 

ink entr ies  f r om the  s ame  pen  and  on the  s a m e  p a p e r  can  differ  in l u m i n e s c e n c e .  E i ther  one  

or bo th  of t he  following fac tors  m a y  a c c o u n t  for  this :  

1. A n o n u n i f o r m i t y  m a y  exist in t he  paper ,  wh ich  causes  localized l each ing  (or b l eed ing  

or diffusion) of the  l u m i n e s c e n t  c o m p o n e n t ( s ) .  

2. Perspira t ion or o the r  exogenous  agen t s  (par t ia l  spillage of l iquid on t he  d o c u m e n t )  m a y  

cause  selective leaching.  

This  work ha s  shown t ha t  the  second  can cause  a n o n l u m i n e s c e n t  ink to luminesce .  

Are there  any  m e t h o d s  t ha t  can g u a r a n t e e  a correct  d e t e r m i n a t i o n ?  No nondes t ruc t ive  

m e t h o d s  are present ly  known .  O n e  m e t h o d  sugges t ed  to de tec t  an  ink in t he  th i rd  class is to 

t rea t  the  en t ry  with e i ther  m e t h a n o l  or  e thano l  to leach out  any  l u m i n e s c e n t  componen t ( s ) .  

Th i s  m a k e s  the  en t ry  l u m i n e s c e n t  if it was previously  n o n l u m i n e s c e n t  or more  l u m i n e s c e n t  if 

previously it was slightly l umi nescen t .  Cer ta in  ce l lophane  t ape s  have  been  observed  to cause  

an ink line to luminesce .  

C o n c l u s i o n s  

Al though  infrared l u m i n e s c e n c e  ha s  been  accep ted  and  used  in the  pas t  as a valid m e t h o d  

to di f ferent ia te  a m o n g  inks,  c u r r e n t  f ind ings  indica te  t ha t  e x a m i n e r s  shou ld  use  ex t r eme  

cau t ion  in u s i n g  th is  m e t h o d .  Before  any  def in i te  d e t e r m i n a t i o n  is m a d e ,  s o m e  tes t ing  is re- 

qu i r ed  to d e t e r m i n e  if t he  su spec t  ink  con t a i n s  bo t h  l u m i n e s c e n t  a n d  m a s k i n g  c o m p o n e n t s .  
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