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Introduction. Doxepin (3-dibenz[b,e]oxepin-11(6H)-ylidene-N,N-dimethyl- 1-propanamine 

hydrochloride) is a tricyclic antidepressant. Numerous cases of lethal intoxications due to doxepin 

overdosage were reported in the literature. The postmortem blood concentrations ranged from 9 to 19 mg/l, 

liver concentrations of 71, 75, and 500 μg/g were reported.  

Aim. To develop sensitive and accessible methods for doxepin detection and identification with 

help of colour reactions, thin layer chromatography and UV-spectrophotometry. 

Materials and methods. Interaction of doxepin with 10 chromogenic reagents was studied, their 

sensitivity was determined. Rf values of doxepin in 12 mobile phases including those recommended by The 

International Association of Forensic Toxicologists (TIAFT) for TLC drug screening for 5 types of 

chromatographic plates (plates manufactured in Estonia with KSKG sorbent, Sorbfil, Silufol UV-254, 

Armsorb, Merk) were determined. UV spectrum of doxepin was studied in  0.1 M hydrochloric acid 

solution.  

Results and discussion. Dragendorff’s reagent with Munier modification and iodine vapour were 

the most sensitive (0.5 μg / spot). Mandelin reagent (blue turned into dark-red, sensitivity was of 2.0 μg), 

Mandelin reagent followed by formaldehyde vapour treatment (red, sensitivity was of 2.0 μg), Marqui’s 

reagent (purplish red, sensitivity was of 3.0 μg), Froehde reagent (green, sensitivity was of 2.0 μg) were 

selective relating the endogenous biological matrix components. Three mobile phases of 

chloroform – methanol (90:10) (Rf = 0.23), methanol – 25 % ammonia (100:1.5) (Rf = 0.58) (or 

chloroform – dioxane– acetone – 25 % ammonia (47.5:45:5:2.5) (Rf = 0.50)), ethyl 

acetate – methanol – 25 % ammonia (85:10:5) (Rf = 0.78) had a low correlation of Rf values. Rf values are 

given for Merk plates. According to the TIAFT recommendations, the joint use of low-correlation 

chromatographic systems increases the reliability of drug identification by TLC. Doxepin in 0.1 M 

hydrochloric acid had absorption maximum in UV region of spectrum at the wavelength of 293 ± 2 nm (A1
1 

224).  

Conclusions. Sensitive and selective techniques developed using colour reactions, thin layer 

chromatography and UV spectrophotometry are suitable for the purpose of chemical-toxicological analysis. 

 

MODERN CHEMICAL AND PHYSICAL METHODS  

OF ANALYSIS USED IN SPACE MISSIONS 

Lysenko K. V., Kostianenko A. G., Samchenko L. V. 

Scientific supervisor: assoc. prof. Мoroz V. P. 

National University of Pharmacy, Kharkiv, Ukraine 

sunfire@ukr.net 

 

Introduction. Nowadays space exploration and scientific progress are inseparable. On the one 

hand, achievements in mathematics, mechanics, physics, chemistry, biology, medicine, pharmacy and other 

fundamental sciences were a crucial part in the success of first space missions. On the other hand, creation 

and development of space technologies contributed a lot to other spheres of scientific activity. Methods of 

analytical and physical chemistry have always been ahead of modern scientific research. 

Aim. The objective of our research is to investigate sources which describe the use of newest 

methods of analytical and physical chemistry in space missions in the 21st century as well as future 

perspectives for the 2000-2030 time period.  

Materials and methods. We studied the materials of NASA (National Aeronautics and Space 

Administration), ESA (European Space Agency), SSAU (State Space Agency of Ukraine), CNSA (China 

National Space Administration), ISRO (Indian Space Research Organization), JAXA (Japan Aerospace 
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eXploration Agency), SSC (State Space Corporation ROSCOSMOS), programs of space power countries, 

scientific articles and information regarding the latest and future space missions. 

Results and discussion. In September 2017 an interplanetary spacecraft Cassini orbiter (created 

by NASA and ESA and launched in October 1997) completed its 20-years mission in the Saturn system 

and was burned in the atmosphere of the gas giant.  

Among other scientific instruments, it had Ion and Neutral Mass Spectrometer (INMS), Visible and 

Infrared Mapping Spectrometer (VIMS), Composite Infrared Spectrometer (CIRS) and Ultraviolet Imaging 

Spectrograph (UVIS). 

Rosetta spacecraft (launched by ESA in March 2004) consisted of two modules: Rosetta space 

probe, which reached the orbit of Comet Churyumov-Gerasimenko, and the space capsule Philae lander, 

which managed a soft landing on the surface of the comet.  

In order to study the chemical and isotope composition of the comet nucleus, the Philae lander 

module was equipped with two platinum pyrolyzers. One of them was capable of heating the samples to a 

temperature of 180°C and the other to 800°C. 

A gas chromatograph served as a separator of pyrolysis products. Helium was used as an inert gas 

carrier. The module was equipped with several different chromatographic columns. These columns were 

able to separate various mixtures of organic and inorganic substances. To identify gaseous products of 

pyrolysis, a mass spectrometer with a time-of-flying (TOF) mass analyzer was used. Rosetta ended its 

mission in September 2016. 

Down space probe was launched by NASA in September 2007 to investigate Vesta protoplanet and 

a dwarf planet Ceres. Down is equipped with Gamma Ray and Neutron Detector (GRaND) for identification 

of chemical composition of Vesta and Cerera surfaces, Visible and Infrared Mapping Spectrometer (VIR) 

for mineralogical analysis and Framing camera (FC). During the mission, scientists received a lot of 

interesting scientific data. According to their estimates, Dawn will work until the second half of 2018. 

In August 2011 NASA launched Juno (Jupiter Polar Orbiter), automatic interplanetary station, into 

Jupiter's orbit. Juno is equipped with Radio and Plasma Wave Sensor (WAVES), a radio spectrometer for 

studying the radiation of plasma and radio sources in the region of polar lights near the magnetic poles of 

Jupiter; Ultraviolet spectrograph (UVS) is being used for spectral observation of ultraviolet radiation from 

areas of the polar light on Jupiter. The mission continues. 

In 2003 NASA launched Spirit and Opportunity, rovers for Mars space mission. 

In 2011 Curiosity was launched, a new rover with better equipment which surfaced Mars in August 

2012. Curiosity is equipped with Alpha-particle X-ray spectrometer (APXS) which irradiates the samples 

with alpha particles and compares X-ray specters to determine the elemental composition of rock. Chemin 

is an instrument which investigates the chemical and mineralogical composition using an X-ray 

fluorescence instrument and X-ray diffraction. It is one of 4 spectrometers. 

Sample Analysis at Mars (SAM) is an instrument which consists of three analytical instruments: 

mass spectrometer which identifies ionized gases by molecular weight and charge (nitrogen, phosphorus, 

sulfur, oxygen, hydrogen and carbon); a laser spectrometer which uses a light absorption phenomenon at 

certain wavelengths to determine concentrations of methane, carbon dioxide and water vapor; a gas 

chromatograph, created by French experts, which separates a gas mixture and detects organic compounds 

using a capillary column, and then directs the fractions into a mass spectrometer for a more precise analysis. 

Opportunity and Curiosity are continuing their missions. 

Origins Spectral Interpretation Resource Identification Security Regolith Explorer (OSIRIS-REx) 

is an American interplanetary space station which is supposed to deliver samples of soil from the Bennu 

asteroid. The station was launched in 2016. It is expected to have reached the asteroid by 2019.  

It is equipped with several spectrometers: OSIRIS-REx Visible and IR Spectrometer (OVIRS), 

OSIRIS-REx Thermal Emission Spectrometer (OTES), Regolith X-ray Imaging Spectrometer (REXIS). 

The return to Earth is planned in 2023. 

BepiColombo is a joint mission of the ESA and the JAXA to Mercury. The launch is planned on 

October 2018. Spectrometer and other scientific equipment are placed on board of the spacecraft.  

For instance, MERTIS-TIS (Mercury Thermal Infrared Spectrometer) created by German 

scientists; MIXS (Mercury Imaging X-ray Spectrometer) created by scientists from the United Kingdom 
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and Finland; SERENA (Search for Exosphere Refilling and Emitted Natural Abundances), an instrument 

which consists of 4 units of complementary neutral and ionised particle detectors, was created in 

collaboration by scientists from Italy, Sweden, Austria and USA (it has Strofio mass spectrometer from 

Discovery NASA program); SIMBIO-SYS (Spectrometers and Images for MPO BepiColombo Integrated 

Observatory System) created by scientists from Italy, France and Switzerland; SIXS (Solar Intensity X-ray 

Spectrometer) created by scientists from Finland and United Kingdom; MGNS (Mercury Gamma ray and 

Neutron spectrometer) created by Russian scientists; PHEBUS (Probing of Hermean Exosphere by 

Ultraviolet Spectroscopy) created by French, Russian and Japanese scientists; PICAM (Planetary Ion 

Camera), a panoramic energy mass spectrometer of positively charged ions in the plasma complex 

SERENA, created by scientists from Austria, France and Russia. 

In the near future, China is planning a mission to the Moon, Cháng'é sìhào-4 and Chángé wǔhào-

5. In January 2017, the Chinese cosmic corporation CASC announced the beginning of the tests for the first 

mission. Among the scientific instruments, Chángé wǔhào-5 has a mineral spectrometer, soil gas and soil 

composition analyzers. 

The start of the Indian mission, Chandrayaan 2, is planned for 2018. The orbital apparatus of the 

mission, among many scientific instruments, has X-ray spectrometers CLASS and XSM for the search of 

such chemical elements as aluminum, iron, calcium, silicon, magnesium and titanium on the lunar surface. 

The CHASE-2 neutron mass spectrometer, IIRS infrared spectrometer and other scientific equipment are 

also installed.  

The lunar rover of the mission is equipped with an active inductive LIBS spectrometer and an 

APIXS X-ray spectrometer. The first one will investigate light, the second one – heavy chemical elements 

in the surface layer of the lunar regolith. 

Now NASA is continuing to prepare Mars rover 2020 space mission. They carefully select 

scientific instruments for it.  

The list includes Mastcam-Z, an advanced system of cameras for panoramic and stereoscopic 

photography, SuperCam, a device that, in addition to shooting, analyzes chemical and mineralogical 

composition, Planetary Instrument for X-ray Lithochemistry, an X-ray fluorescence spectrometer with high 

resolution camera for determining the chemical composition of elements from the surface of Mars, 

Scanning Habitable Environments with Raman & Luminescence for Organics and Chemicals, a 

spectrometer with ultraviolet laser for determining the mineral composition and finding organic 

components, etc. 

Recently, NASA continues to develop the concept of Dragonfly mission to Saturn's moon Titan, 

the only satellite in the Solar system that has a dense atmosphere.  

Here are just a few of the scientific tools of the mission: DraMS (Dragonfly Mass Spectrometer), a 

mass spectrometer for identification of chemical components, especially those relevant to biological 

processes, in surface samples; DraGNS (Dragonfly Gamma-Ray and Neutron Spectrometer), a set of a 

Gamma-ray spectrometer and a neutron spectrometer for identification of the composition of surface and 

air samples. 

Conclusions. A number of modern methods of analytical and physical chemistry is used by world's 

leading scientists for space investigation and space missions. Among these newest methods physical, 

chemical and pharmaceutical analysis, which are studied at the National University of Pharmacy, play a 

significant role. It is a large group of methods of spectrometric analysis (such as atomic emission, atomic 

adsorption, infrared, ultraviolet, X-ray fluorescence, Raman and mass spectrometry), gas and liquid 

chromatography, etc.  

Many of these methods are recommended by National Pharmacopoeia of Ukraine and other world's 

leading Pharmacopoeias for identification and study of different pharmaceutical substances. Future 

pharmacists should fully master these modern methods of analysis. 

 

 

 

 

 


