
 
recommendet by the on- 

line trade directory EBB 

            

Research 5                      June 1/2002 

 

The identification of clarity enhancements of emeralds  

The identification of clarity enhancements of emeralds is an important issue in gemology. The 
question, whether the various substances possibly involved can be distinguished from each other 
has been raised before (Johnson et al., G&G Summer 1999, pp 82-107; Kiefert et al., The Journal of
Gemmology Vol. 26 No 8, pp 501-520). We tried to address the same issue using different and new
potential filler substances which we then compared to the data of common oils and previously 
published data of resins, which are used by the trade. 
   
Background: 

Emeralds commonly contain fractures which often reach the surface. These inclusions leave many 
of the recovered gems rather unattractive and reduce brilliance in the finished gems considerably. 
It has been found out a very long time ago, that emeralds improve quite a bit when they are being 
imersed in oil (ceddarwood oil, cinnamon oil etc.). This effect is caused by the similar refractive 
indices of emerald and these oils. A fracture filled with such a substance seems to disappear, just 
like an ice cube nearly disappears in a cup of water (they also have the same refractive indices). 
These oils thus improve the appearance of emeralds, but the main disadvantage of such oils is, that 
they are prone to be removed by solvents, ultrasonic cleaning and heat. Therefore other substances 
started to appear in the emerald market: natural and artificial resins (usually unhardened 
prepolymers which either harden (polymerize) by a  chemical catalyzer, time, heat or UV light.) 
These substances are more stable and difficult or impossible to be entirely removed. 

Oils and some natural resins (ceddarwood oil) which are entirely removeable have been accepted 
by the trade and the public since a long time, but the extensive use of various artificial epoxy resins 
like "Opticon 224" and even green colored resins, has brought a lot of dispute in the emerald 
market and consequently the prices for emeralds- except the finest qualities- collapsed.  
Now does it really matter what kind of filler is involved? This is a question which is hard to answer and 
which raises several opinions. One issue is clear: green filling substances- whether oil, wax or resin- 
are not acceptable. 



 
 

A columbian emerald, treated with oil;  
the yellow areas represent the color  

of the substance 
A close view at a fracture with dried oil (250x) 

 
   

Materials and methods: 

We tested 29 different potential filler substances which were gratefully supplied by various 
companies. The substances include oils, natural resins and artificial resins, hardeners as well as one 
substance used as a reactive diluter for artificial resins. The majority of substances we analyzed were 
unhardened prepolymers which can be polymerized by the use of a hardener. According to a 
polymer sales specialist of Vantico AG, Basel ("Araldit"), their unhardened epoxy resins generally do 
not harden when exposed to air, but the viscosity of the substances will increase with time and 
sometimes the resins might crystalize. All Araldite resins can show this behaviour when they are used 
without a hardener. 
Besides the measurement of their Refractive index and their reaction to LW/SW UV light, the 
substances were analyzed by FTIR spectroscopy; FTIR spectroscopy is generally the preferred 
approach to distinguish the various filler substances; Raman spectroscopy has been used and 
usually the results are very similar to FTIR spectroscopy, although certain distinctions of substances 
might be possible by Raman which are not possible by FTIR. The major drawback of Raman 
spectroscopy is that the laser has to be focused via a Microscope on one particular fracture; this 
usually prevents the detection of multiple substances possibly present, unless spectra of the 
substances in several fractures are recorded. FTIR spectroscopy using transmission will with high 
probability get signals from several substances, if they are present. Also, Raman spectroscopy 
cannot identify filler materials which are deeply within the stone and the method itself is much more 
time consuming than FTIR measurements.  

IR spectra were recorded on a PerkinElmer Spectrum BXII FTIR spectrometer on a range of 7800 to 
400cm-1 (4cm-1 standard resolution), using a 5x beam condenser for the collection of transmission 
spectra. The filling substances were applied as very thin films to a small glass beaker (which was 
transparent to IR down to 2000cm-1). Before recording the FTIR spectrum of the substance in the 
glass beaker, a background spectrum with the beaker as reference has been recorded, thus the 
spectral features of the glass would not interfere with the spectra of the substance. 

In the following work, we first tested the filler substances for their R.I. and FTIR spectra and then 
treated 14 fragments of a large brazilian emerald (which was previously split in many pieces) with 
selected oils and resins. Besides this, the spectral difference between unhardened and polymerized 
resins has been recorded using Araldite resin and an Aradur hardener. We additionally recorded two 
FTIR spectra of one sample which was untreated and clean first and which was then kept in a hand 
for some time (the effect of oily skin...). We did not conduct experiments mixing oils and resins, since 
the results have been published thoroughly before. 
 



Results:  

General observations and properties 

The analyzed substances were all colorless to yellow and they were viscous, some of them highly 
viscous (except the diluter). They had R.I.'s between 1.46 and 1.58; oils are commonly at the low 
end (1.47 to 1.51) but clove oil and cinnamon oil are the exceptions (1.54 and 1.59 respectively). 
The artificial resins are mostly in the range 1.52 to 1.58, but there are exceptions with R.I.'s as low as 
1.46 (Laromer HDDA). Box A below gives an overview of the substances used for this study. 
 

BOX A:  
Filler substances analyzed by FTIR spectroscopy 

Substance Category Source R.I. Sample 
treated

Polymerized by 

Araldite GY 250 Epoxy resin Vantico 1.570 #1 hardener 

Araldite GY 253 Epoxy resin Vantico 1.550 - hardener 

Araldite GY 257 Epoxy resin Vantico 1.560 - hardener 

Araldite GY 260 Epoxy resin Vantico 1.573 - hardener 

Araldite GY 282 Epoxy resin Vantico 1.580 - hardener 

Araldite GY 285 Epoxy resin Vantico 1.580 - hardener 

Araldite BY 157 Epoxy resin Vantico 1.568 - hardener 

Araldite BY 158 Epoxy resin Vantico 1.538 - hardener 

Araldite BY 3739 Epoxy resin Vantico 1.540 - hardener 

Araldite PY 304 Epoxy resin Vantico 1.573 #2 hardener 

Araldite DY 0397 Reactive diluter Vantico 1.460 - hardener 

Aradur 115 BD Polimerisator (hardener) 
(polyamidoamin) Vantico 1.510 - n/a 

Araldite GY 250 mixed 
with Aradur 115 BD 
(50:50) 

hardened epoxy resin Vantico 1.530 - n/a 

Maprenal MF 517 Epoxy resin Höchst AG 1.482 #14 hardener 

Maprenal MF 980 Epoxy resin Höchst AG 1.510 #3 hardener 

Vestanat B 1370 Epoxy resin Hüls AG 1.505 - Heat 

Paraloid B-44 
Epoxy resin (solid) 

Methyl-Methacrylat 
Copolymer 

Rohm and Haas 
Company 1.50 -  

IRR 308 Epoxy resin UCB Chemicals 1.543 - Exposure to UV or EB (electron 
beam) 

Dynomin UB 90 NB Buoxymethyl methylol urea 
(hardener) ? 1.492 #4 n/a 

Epikote 828 LV Epoxy resin Shell Chemicals 1.570 #5 hardener 

Uravar L 32 Polyester resin modified with 
phenolic resin DSM Resins 1.520 #12 Exposure to light (UV) 

Vialkyd AL 633 Alkyd resin Vianova Resins 1.485 #7 Exposure to air (dries out quickly) 

Präkondensat KL 287 Phenol- + Epoxy resin Plüss Staufer AG 1.514 #6 hardener 

Ceddarwood oil "Natural resin" (oil) Siegfried Handel 1.510 #9 n/a 

Sandalwood oil oil Ulrich Jüstrich AG 1.507 #13 n/a 

Paraffin oil oil ? 1.473 #8 n/a 

Cinnamon oil oil ? 1.592 #10 n/a 

Clove oil oil ? 1.542 - n/a 

Rizinus oil oil Alberdingk Boley 1.480 #11 n/a 
 



 

FTIR spectra of the substances 

 The FTIR spectra of most substances are very similar; the area of interest lies between 3200 and 
2400cm-1 because emerald is very transparent to IR there and has no disturbing absorptions.  
Luckily, all substances which are possible fillers for emerald treatments contain information in this 
spectral region; in some instances, the area of interest might extend from 3500 to 2400cm-1, but this 
applies just to a few substances involved (e.g. Maprenal MF 980). All substances show distinct 
multiple peaks in the area around 3000cm-1 due to some or all of the following chemical functional 
groups: aromatic hydrocarbons (peaks at approx. 3035 and 3060cm-1), aliphatic hydrocarbons 
(peaks around 2970-2850cm-1), bisphenol groups and alkenes (peak around 3000-3020cm-1) 

  

Presumed natural substances: 

  

 

  
 



 
 
The presumed natural substances showed generally realatively unspectacular spectra with several 
weak peaks between 2970 and 2850cm-1and possibly one dominating stronger absorption. Some 
substances also contain weak aromatic peaks between 3050 and 3030cm-1. 
Clove oil and cinnamon oil are the two exceptions with strongly peaking spectra between 3650 and 
2640cm-1; these features are due to a combination of strong aromatic and strong aliphatic 
components in these substances. 
 
Artificial resins (plus diluter):  

 



 
 
 
 
The spectra of the artificial resins "Araldite" are characterized by strong aromatic, aliphatic and 
bisphenol epoxy features. The presence of strong peaks between 3000 and 2800cm-1 combined 
with a relatively strong "double peak" at around 3058/3035cm-1 is proof that artificial resins have 
been used; this result cannot exclude the possibility of a certain amount of some natural substances 
present (especially mixture of Araldite with ceddarwood oil-see "Johnson et al., G&G Summer 1999, 
pp 82-107" for reference); other oil/artificial resin mixtures might show additional peaks due to the oil 
(e.g. strong 2854cm-1 feature in paraffin oil/Araldite mixtures).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Since Araldite resins do only become more viscous when exposed to air and harden only very slowly 
due to crystalization, they are hardened by adding a polymerizator (hardener). The so-called "cured" 
resins might show distinct differences from the pure substance. The Graph below shows the results of 
mixing 50% Araldite GY250 resin and 50% Aradur 115BD hardener: 

 

 

  
It has to be kept in mind though, that smaller amounts of hardener used will be very difficult to 
detect, since the Araldite spectrum will be too dominant. Also one should keep in mind, that there 
are artificial resins which are hardened by exposure to light (UV) and air as well as to an electron 
beam. Some substances harden when exposed to elevated temperatures.  

Now lets have a look at the spectra of various "exotic" products, which could also be possibly used 
as emerald filling substances; these include some products curable by UV, EB and air: 

  



 
 

 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

  

 

 
In these substances, we detected some "easily" identifyable resins, which show similar features like 
the "Araldite-group", and some substances which will be rather hard to be distinguished from 
presumed natural substances; this applies especially when the FTIR spectrum of a treated emerald 
shows just small filler-related peaks; in such cases, the small features which possibly identify the 
substance as an artificial resin will often not be visible.  
 
 
 
 
 
 



The spectrum below shows a substance (art. resin) which will be difficult to be distinguished from 
ceddarwood oil, especially when the amount of substance in the stone is small; otherwise, the 
3412cm-1 feature will be visible as a bump in the strong emerald water-related absorption. 

 

  

 

  
 
 
 
FTIR analysis of untreated and treated emeralds 

To relate the pure substances to "practical" gemology, we treated 14 samples of brazilian emeralds 
with selected substances; the strength of the filler related absorption is rather high in some samples, 
because some residual substance was present on the surface. Since we conducted rather 
superficial treatments, the fissures were not entirely filled and thus we could not conduct 
experiments checking for flash-effects, but this issue has been discussed in detail by other groups. In 
short, substances with high R.I.'s (1.53 or higher) will show a flash effect (i.e. most artificial resins and 
cinnamon+clove oil) while substances with low R.I.'s (1.53 or lower) will not show a flash effect (i.e. 
most presumed natural substances). We have an appreciable overlap in R.I.'s, as certain artificial 
resins do have low R.I.'s. Thus, the presence of a flash effect generally is a good sign for treatment 
with artificial resins whereas the absence of a flash effect cannot be used as an indicator for 
presumed natural substances. 
  
 
 
  



The effect of body oils on the FTIR spectra of emerald: 

When analyzing the FTIR spectra of emeralds, one has to take care, that the stones are as clean as 
possible; simple handling and touching of an emerald can influence the spectrum of an untreated 
stone to an extent, that one might misinterpret the results and identify the stone as treated with oil. 
The oils protecting the human skin have the same FTIR spectrum as certain substances used for 
emerald treatments (e.g. Paraffin oil). The graph below demonstrates the effect of handling an 
untreated emerald. The red trace shows the stone before handling, the purple trace after handling. 
Clear peaks at 2924 and 2853cm-1 as well as a weak absorption at 2951cm-1 become evident in 
the purple trace: 

  

 

  

 
The graph clearly shows, that handling an emerald before the spectral analysis could lead into 
wrong interpretations of the spectrum. Therefore an emeral must be cleaned thoroughly before the 
analysis.  

Lets look at the spectra of clarity enhanced emeralds now; the first group covers the "presumed 
natural" substances, while the second group covers certain artificial resins: 

  

 

 

 

 



   

Presumed natural substances: 

  

 
 

 
   

 



The FTIR spectra of the emeralds treated with these "accepted" substances showed no surprising 
results; the area between 3000 and 2700cm-1 showed the same features which we saw in the pure 
substances; note that the spectra of emeralds treated with rizinus and paraffin oil are unusually 
strong; this is due to some of the substance present on the surface of these treated stones; 
commonly treated stones will show much weaker signatures (like the sample "sandalwood oil").  

  
   

Artificial resins: 

  

 
 
   

The aromatic features of the artificial resins are quite obvious even when the filler related absorptions 
are just weak. This strong aromatic feature combined with the strong peaks between 3000 and 
2870cm-1 will identify such artificial resins. 

The five treated samples below are not as easy to be distinguished from presumed natural 
substances; when there is sufficient substance present, most substances can be identified as 
artificial resins, but the identifying features are either small or incorporated in the large water related 
absorption of emerald. Thus, little substance present will probably give rise to too little absorptions to 
resolve the identifying characteristics: 

  
 



 
 

 
  
 
 
 
 
 
 
  



Conclusions: 

After the analysis of the pure substances and mixtures thereof as well as emeralds treated with 
selected substances, we can draw the following conclusions:  

1) The presence of strong peaks between 3000 and 2800cm-1 combined with a relatively strong 
"double peak" at around 3058/3035cm-1 is proof that artificial resins have been used. 
2) Mixtures of oils and artificial resins might be very difficult to identify (depending on the ratio of the 
substances) 
3) Certain artificial resins might be very difficult to be distinguished from certain presumed natural 
substances, especially when the filler-related peaks in the spectrum of a treated emerald are weak. 
4) Thus it can also be difficult to identify certain presumed natural substances with certainty. It will be 
impossible to distiguish certain mixtures of artificial resins and presumed natural substances, e.g. 
Maprenal MF580 and ceddarwood oil. 
5) Cinnamon and clove oil will always be identifyable due to their unique spectral features. 
6) Cured artificial resins can sometimes be identified by their spectra (e.g. when a certain 
percentage of a hardener has been used), but small amounts of hardener wont change the 
spectra much. Resins hardened by air, UV or EB cannot be distinguished from unhardened resins. A 
combination of visual observation (flash effect VS no flash effect) and FTIR spectroscopy will, in many 
instances, identify filler substances in emeralds as being an artificial resin or a presumed natural 
substance; an additional Raman spectrum might help distinguishing certain substances. 

Following this study, we tried to create spectral groups, which characterize certain substances; the 
table below is our result; the groups are based on presence or absence of certain peaks as well as 
the strength of the features: 

Substance 
Broad 
peaks 
 

3600- 
3070 
 

3070- 
3020 
 

3020- 
3000 
 

3000- 
2995 
 

2990- 
2950 
 

2940- 
2900 
 

2875- 
2865 
 

2860- 
2800 
 

2800- 
2400 
 

Group 
 

Presumed natural substances 
Sandalwood oil 3327  3051   2965 2927 2872  2729 

Paraffin oil      2953 2924  2854 2727 

Rizinus oil    3008  2954 2927  2855 2731 
2672 

B 
 

Ceddarwood oil   3065 
3042   2955 2929 

2909 2872  2727 C 
 

Cinnamon oil 3519 
3465 3336 3062 

3029   2966 2925  2814 
2742 
2640 
2418 

Clove oil 3527 
3435  3061 

3028 3002  2959 2935  2842 
2743 
2638 
2415 

D 
 
 

Artificial resins (+diluter) 

Araldite GY 250*   3056 
3037  2997 2967 2928 2872 2839 2756 

Araldite GY 253*   3055 
3036  2997 2965 2931 2870  2758 

Araldite GY 257*   3056 
3036  2997 2967 2927 2873 2839 2756 

 

A1 
 
 



 

Araldite GY 260*   3056 
3035  2997 2967 2928 2873 2839 2756 

Araldite BY 157*   3056 
3039  2998 2967 2928 2873 2836 2757 

Araldite BY 158*   3056 
3038  2996 2965 2929 2871  2759 

Araldite GY 250* 
mixed with Aradur 
115 BD (50:50) 

3293 
3195 
3156 
3124 
3098 

3055 
3037  2997 2962 2925 2870 2854 2756 

Araldite PY 304*   3057 
3036  2998 2967 2927 2873 2836 2757 

Epikote 828 LV 3509  3055 
3037  2997 2965 2927 2872  

2757 
2594 
2537 
2487 
2428 

 

Araldite GY 282*   3060 
3031 3002   2924 2875 2839 2755 

Araldite GY 285*   3060 
3031 3002   2924 2875 2839 2755 

IRR 308 3454 3102 3060 
3037   2966 2935 2874  2761 

Dynomin UB 90 NB 3369 
3281  3069   2959 2933 2872   

Uravar L 32   3071 
3035   2962 2935 2871  2731 

Präkondensat KL287 3385  3060 
3033   2966 2933 2872  2733 

A2 

Araldite BY 3739*   3058 
3033  2999  2926 2871  2759 

Araldite DY 0397   3055  2997  2937 
2924 2868  2767 

A3 

Vialkyd AL 633 3523   3010  2956 2927  2856 2731 

Maprenal MF 517 3358     2959 2935 
2910 2873   

Aradur 115 BD* 3293 3195 3050    2924  2853  

B 

Maprenal MF 980 3381  3067   2958 2934 2872   

Vestanat B 1370 3337 3412 
3105 

3062 
3045   2954 2924 2875  2732 

C 

Paraloid B-44  
3627 
3552 
3440 

   2986 
2950   2843 2595 

2537 E 

 
*All Araldite resins show weak peaks at 3156, 3124, 3098, 2730, 2592, 2536, 2487, 2428cm-1  
Key:  
//// = very weak peak                    //// = highest point of the spectrum   
//// = 2nd highest poin of the spectrum      //// = strongest peak 
Any numbers which are in italics indicate peaks of minor strength but still noticeable. 
Bold and underlined numbers like 2954 indicate a dominating peak. 
The group E substance Paraloid B-44 is an exception; it's a methyl-methacrylat copolymer thus 
shows this exceptional spectral features which make it easily distinguishable. 



Based on the table above and the resulting groups A (A1, A2, A3), B, C, D, E, we combined and 
compared each group side by side in the table below; the similarity of artificial resins and presumed 
natural substances as seen in group B and C becomes obvious; the distinction of these can be very 
difficult or impossible. Substances belonging to group A, D and E can be easily categorized as 
"natural" or "artificial": 

 

 

  

  

 
   
 
 
 
 
 



Summary: 

The present study of substances which are or which could be used as emerald fillers resulted in a 
very similar conclusion as it has been presented by Johnson et al., G&G Summer 1999, pp 82-107; 
we conclude, that a substance can be identified as belonging to the presumed natural substances 
or to the artificial resins in all instances, when they belong to Group A, D or E; when a substance 
belongs to group B or C, the distinction between "natural" and "artificial" might be difficult or even 
impossible. Resuming this work, one should keep in mind, that there are thousands of potential filler 
materials on the market and that this study just covered a very small part of these materials; the 
group of Araldite resins, hardeners and diluters alone includes an incredible variety of around 200 
substances in the latest catalogue of Vantico.  
Anyways, since the number of "presumed natural" substances will not increase, substances with 
Group A or E spectra will always be identifyable as artificial resins. 
Generally the conclusions might lead to the question, whether it is not more important how much 
substance is present, instead of what substance is present. If absolutely concusive results are found, 
the substance might be identified as "presumed natural substance" or an "artificial resin", but more 
precise results are not possible in by far most cases. 

  

© 2002 by GEMLAB Establ., FL-9491 Ruggell 
 


	Substance

