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Abstract. Cocaine is one of the most widely used drugs and is smuggled on a large scale worldwide. In order to 
prevent it from being discovered by customs or police, it is often mixed with other substances, incorporated into 
plastics or even chemically masked to make it more difficult to detect. This article describes the analysis of a 
mixture of a cocaine complex salt, a polymer and inorganic pigments, which was first seized by the Customs 
Investigation Office in Essen, Germany in 2022. Due to the cleverly chosen components, the mixture poses a 
particular challenge for on-site detection using conventional rapid colorimetric tests or spectroscopic methods like 
infrared spectroscopy and Raman spectroscopy. 
 

 
1. Introduction 
 
With 95,000 seizures corresponding to 419 tonnes (2023), cocaine is the second most common 
illegal drug in Europe, after cannabis [1]. Due to the high profits that can be made from traf-
ficking cocaine, drug smugglers are increasingly creative in their attempts to conceal cocaine. 
Textiles soaked in cocaine [2] and plastics containing cocaine [3,4] are among the well-known 
classics. A particularly sophisticated chemical method involves masking the drug as a thiocya-
nato-cuprate or thiocyanato-ferrate complex salt [5,6]. Analogue zinc complexes have been de-
tected by the German customs authorities as well. In these substances, the cocaine is chemically 
bound in such a way that standard on-site detection methods fail [7]. In fact, the thiocyanato-
metallate complex salts of cocaine render all rapid colorimetric tests futile, and drug detection 
dogs do often not show a typical alerting behaviour. However, immunological tests still work 
perfectly well with these substances. Over the past two decades, German customs authorities 
have already seized a large number of items containing these complex salts. They have been 
mixed with coal or graphite (so-called “black cocaine” [5,6,8]), incorporated into spice powders 
(curry, pepper, paprika, etc.), or mixed with mineral powders like mortar or cement. Although 
analysis in a forensic laboratory is straightforward, for example using gas chromatography-
mass spectrometry, a reasonable initial suspicion is required in order to confiscate and analyse 
the material in detail. As standard rapid colorimetric tests fail completely [5,7,9,10], an extrac-
tion procedure followed by mobile infrared spectroscopy (FT-IR) is now used on-site. For this 
purpose, the cocaine complex salt is extracted from the mixture using acetone and examined 
separately. The solution turns red in the case of known thiocyanato-cuprate or thiocyanato-
ferrate complex salts. Thiocyanato complexes with zinc show no colour. After evaporation, the 
typical infrared spectra of these substances become apparent. In this respect, the red powder 
described here, which was first seized by German customs in 2022, behaved remarkably diffe-
rent during analysis. The residue from the acetone extract was identified as a polymer (poly-
ester) by the spectrometer. There was no indication that cocaine was present. The analysis of 
the “red cocaine” is described, and its composition is clarified. 
 

 
2. Materials and Methods 
 
Chemicals. Chemicals and solvents were obtained from Avantor / VWR International GmbH, 
Darmstadt, Germany. Deuterated solvents for NMR spectroscopy were purchased from Deutero 
GmbH, Kastellaun, Germany.  
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Instruments. FT-IR spectra were measured using a Bruker Alpha FT-IR spectrometer (Bruker 
Optics GmbH & Co. KG, Ettlingen, Germany). ¹H NMR spectra were measured on a Bruker 
Ascent 300 MHz spectrometer (Bruker BioSpin GmbH, Ettlingen, Germany). Deuterated chloro-
form was used as the solvent. A Shimadzu GCMS-QP2010 SE system was used for gas chro-
matography-mass spectrometry. The cocaine content was quantified using a Shimadzu GC-
2010 Plus gas chromatograph with FID detector (Shimadzu Deutschland GmbH, Duisburg, 
Germany). X-ray fluorescence analyses were performed on a Spectro Xepos III energy-disper-
sive X-ray spectrometer (SPECTRO Analytical Instruments GmbH, Kleve, Germany). Immuno-
logical test strips (“DrugWipe”) supplied by Securetec AG (Neubiberg, Germany) and colori-
metric tests provided by ESA-TEST GmbH (Eisenach, Germany) were used as rapid tests for 
cocaine. A laboratory oven (Memmert GmbH + Co. KG, Schwabach, Germany) set to 60 °C 
was used to dry the samples and liquid fractions. 
 

Separation of Components (Fig. 1). A 4 g sample of the seized red powder (A) was stirred with 
50 mL of acetonitrile for one hour. An orange-coloured solution and a gum-like solid residue 
(B) formed. The supernatant was decanted and dried. A red, lacquer-like substance (C) remai-
ned. The gum-like solid residue (B) was dissolved in 50 mL of acetone. This residue dissolved 
only partially and a red, fine-powdered sediment formed (E). The acetone solution was decanted 
and dried. A sticky, yellowish residue (D) remained. The red, fine-powdered substance (E) was 
treated with hydrochloric acid. Gas was produced. A yellowish solution (F) was formed and a 
deep red precipitate (G) remained. When potassium thiocyanate was added, the solution (F) 
turned deep red. The dark red powder (G) was dissolved in “aqua regia”. Mercury was detected 
as a copper amalgam using a copper sheet held in the solution. 

 
The mass percentages of the fractions 
were approximately: C 17%, D 48%, 
E 34%. Fractions C, D and E were 
dried and analysed by FT-IR spec-
troscopy (Fig. 2). 
 
 
 
 
Fig. 1. Separation of the components of the 
seized red powder. Infrared spectra of com-
ponents A and C-E are shown in Fig. 2.  
 

Recovery of Cocaine. To estimate the recovery of pure cocaine-base from the red cocaine, 2 
grams of the powder were weighed into a 10 mL reaction tube and 3 mL of 1 M sodium carbo-
nate solution in water was added. The mixture was shaken for 15 seconds using a vortex mixer 
(IKA-Werke GmbH) and left to stand for 5 minutes. The procedure was repeated three times. 
Subsequently, 5 mL of petroleum ether was added and the mixture was shaken again three times 
at 5-minute intervals. The mixture was then left to stand, and after phase separation, the petro-
leum ether phase was decanted and dried. After drying, the remaining cocaine base was weighed 
and its purity determined by gas chromatography. The procedure was carried out in parallel 
with a sample of a seized grey powder - a mixture of mortar and a cocaine - zinc thiocyanato 
complex salt. As the yield in the case of the red cocaine was very poor, the experiment was 
repeated and the red cocaine was first treated with 2 mL of acetone to dissolve the polymer and 
the cocaine-tetrathiocyanato-cuprate complex salt before adding sodium carbonate. All experi-
ments were carried out in duplicate. 
 

Microscopy. Samples of the red powder were examined in dry state and suspended in water 
using a Zeiss Axiolab transmitted-light microscope (Oberkochen, Germany). 
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3. Results and Discussion 
 
Routine mass spectrometric analysis of the ethanol extract from the seized red powder conclu-
sively showed that the powder contained a relevant amount of cocaine. A subsequent quantita-
tive analysis using GC-FID revealed a cocaine content of 9.28% ± 0.75 %.  
 

If customs officers suspect the presence of cocaine complex salts, they are instructed to dissolve 
a sample of the substance in acetone and analyse it using portable FT-IR spectroscopy. This 
procedure was replicated in the laboratory. The seized sample (A) was examined using FT-IR 
spectroscopy as well (Fig. 2, spectrum a). A database search identified the seized sample (A) 
as a polyester.  
 

After the acetone solution had evapo-
rated on the FT-IR crystal, a red coat-
ing formed. The resulting IR spectrum 
(Fig. 2, spectrum b) was very similar 
to that of the original sample (spec-
trum a) - apart from the signal at 1400 
cm-1. Comparison with the IR spec-
trum database again indicated a poly-
ester that could not be identified more 
precisely.  
 

On closer inspection, both spectra con-
tained a characteristic peak at approx. 
2100 cm⁻¹. This strong band is typical 
for compounds containing triple- or 
cumulated double bonds, like in (iso-) 
thiocyanates. This suggested that the 
cocaine was present in the form of a 
known cocaine-thiocyanato-metallate 
complex salt [5], together with a care-
fully selected, acetone-soluble poly-
ester, which almost completely masks 
the remaining IR spectrum of the 
cocaine-thiocyanato-metallate comp-
lex salt, preventing simple detection 
by FT-IR. 

 
Fig. 2. a) IR spectrum of the original evidence sample (A in Fig. 1), b) IR spectrum of the residue following 
extraction with acetone (B in Fig. 1), c) IR spectrum of the cocaine thiocyanate complex salt (C in Fig. 1) isolated 
by extraction with acetonitrile, d) IR spectrum of the polymer (D in Fig. 1) isolated from the seized sample, e) IR 
spectrum of the red, insoluble powder (E in Fig. 1). 
 
In addition, powder (A) was tested using rapid tests of the kind typically available to customs 
officers (Fig. 3). 
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Fig. 3. Different types of powders b) - e) containing thiocyanato-metallate complex salts of cocaine (samples on 
the right) tested with conventional field tests: a) cocaine-HCl (control), positive tests indicated by two red bands 
(DrugWipe™ test) or by the blue color at the bottom of the vial (ESA colorimetric test), b) the powder described 
in [5], c) the red powder (A) seized in 2022 described here, d) a similar powder confiscated in 2025 containing no 
cinnabar but iron(III)oxide, e) a powder containing the zinc-thiocyanato complex salt of cocaine mixed with mortar 
seized in 2025. All immunological tests are positive for cocaine, all colorimetric tests b) - e) are negative due to 
the interference of metal ions with the colorimetric test. 

 
The dried acetonitrile fraction (C) was clearly identified as a cocaine thiocyanate metalate com-
plex salt (Fig. 2, spectrum c). X-ray fluorescence analysis showed the presence of copper und 
therefore revealed that the substance was the previously known cocaine-tetrathiocyanato-
cuprate complex salt ((CocaineH)2[Cu(NCS)4]) [5].  
 

The acetone fraction (D) 
was most similar to the 
spectrum of a “polyester 
for car seat canvas” (Fig. 
2, spectrum d).  
 

The separated polyester 
was examined by 1H-
NMR spectroscopy and 
identified as a terephtha-
late - methylene oxide co-
polymer. We believe it 
to be a variant of poly-
(trimethylene terephtha-
late)-polytetramethylene 
oxide (PTT-PTMO) co-
polymer (Fig. 4).  

 

 
Fig. 4. 1H NMR spectrum of the polymer (D in Fig. 1). The molecule shown illustrates the basic structure of the 
polymer, without specifying the ratio of the monomers to one another. The signal shown as E indicates a partial 
methylation of the polymer. 
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This polymer is used, amongst others, for car seat covers or for powder coatings. The insoluble, 
red, powdery residue (E) exhibited an IR-spectrum that essentially indicated a mixture of lime 
and gypsum (“mortar”) (Fig. 2, spectrum e). 
 

A sample of the residue (E), which was insoluble in organic solvents, was mixed with dilute 
hydrochloric acid. A clear, yellowish solution (F) formed, accompanied by the liberation of 
carbondioxide from carbonates, and an insoluble, dark red precipitate (G) remained. 
 

After adding potassium thiocyanate, the yellowish solution (F) changed to a distinctive blood-
red colour of iron thiocyanate complex (“rhodanide”). The findings confirm the presence of 
iron in the sample (e. g. as Fe2O3).  
 

The dark red sediment (G) was separated, washed with deionised water and dissolved in “aqua 
regia”. Mercury was detected as a copper amalgam using a copper sheet held in the solution.  
 

An XRF analysis of the sample (A) also revealed that the powder contains significant amounts 
of sulphur and mercury. Considering the colour, solubility behaviour, chemical reactions and 
XRF results, the presence of the pigment cinnabar (HgS) can be concluded.  
 

Experiments to recover cocaine base from the red powder (A) and a grey powder (a zinc 
tetrathiocyanate complex salt mixed with mortar seized at around the same time) by addition of 
sodium carbonate solution and extraction with petroleum ether, have yielded unexpected 
results: Whilst the cocaine could be easily extracted from the grey powder (average yield 97 % 
with a purity of the cocaine base of 96%), only an average yield of 11 % of the expected quantity 
was isolated from the red powder (A). This suggests that the cocaine-tetrathiocyanato-cuprate 
complex salt is not present in a free state, but is possibly enclosed within the detected polyester 
and thus resists simple extraction. However, if the polymer is dissolved in acetone prior to the 
addition of the sodium carbonate solution, a cocaine base with a purity of 91% is obtained with 
a yield of 91%. Based on these results we speculated that the cocaine-tetrathiocyanato-cuprate 
complex salt is micro-encapsulated in the polymer. 
 

To investigate this further, a sample of the red powder (A) was examined under a microscope 
both in its dry state and suspended in water. In its dry state, coloured beads with a diameter of 
approximately 3 µm, agglomerates of these beads and some needle-shaped crystals (presum-
ably gypsum) can be seen (Fig. 5). When suspended in water, agglomerates (up to approx. 100 
µm in diameter) of the beads were observed (Fig. 6). This suggests that the coloured cocaine-
tetrathiocyanato-cuprate complex salt is indeed present enclosed within fine polymer beads.  
 
 

Fig. 5. Transmission-light microscopic image of the 
dry red powder (A) showing needles and coloured 
beads. 
 
Fig. 6. Transmission-light microscopic image of agglomerated beads from dry red powder (A) suspended in water. 
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4. Conclusion 
 
It has been established that the red powder (A) consists of a mixture of a cocaine-tetrathiocya-
nato-cuprate complex salt (C) enclosed in a PTT-PTMO - like copolymer (D) and an inorganic 
preparation comprising lime, gypsum and, most likely, iron-oxide and cinnabar as red pigments 
(E) which might be e. g. a commercially available red coloured grout mortar preparation. The 
cocaine content of the red powder (A) is approximately 9 %. It is noteworthy that the addition 
of the polymer completely masks the IR spectrum of the cocaine tetrathiocyanato cuprate com-
plex, apart from the thiocyanate band at ~2100 cm⁻¹. Given its very similar solubility profile, it 
is therefore well suited to significantly interfere with the detection of cocaine. It must be assu-
med that PTT-PTMO – like polymer (D) was specifically selected for its properties to mask the 
cocaine complex salts. It is plausible that search algorithms were used to identify substances 
exhibiting a spectrum as similar as possible to that of the cocaine complex. The polymer iden-
tified in this way can apparently be obtained in sufficient quantities at low cost and also has the 
advantage of dissolving in many solvents together with the complex salt. Most likely, it is con-
ventionally used for the production of powder coatings. Microscopic images indicate that the 
coloured cocaine-tetrathiocyanato-cuprate complex salt is incorporated in micro-beads of the 
polymer (micro-encapsulation). Thus, it is tempting to speculate that the complex salt was 
added during the manufacture of polymer micro-beads for powder coating. Subsequently, ad-
dition of inorganic red powder (E) is apparently intended solely to enable the preparation to be 
plausibly declared, for example, as a ‘red pigment’, and, apart from the sophisticated masking 
and encapsulating effect provided by the polymer, likely plays only a minor role. The seizure 
of a similar powder at Cologne-Bonn Airport in 2025 shows that this is a smuggling method 
used at least occasionally. However, this powder did not contain cinnabar, but only 
iron(III)oxide as a red pigment. 
 

In any case, the cocaine contained in the red powder (A) can still be easily detected using a 
conventional immunological test. 
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