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Abstract

Conducting chemical experiments and analyzing them take up most of the time
from all the work of scientists. Any chemist can mix and dissolve reagents, but for some
research and experiments, you need to repeat the same manipulations hundreds of
times while maintaining the accuracy of the proportions of the reagents. Besides, a
considerable amount of effort is spent combining reagents with each other and fixing
the results obtained. All these processes are similar in that they require repeating the
same actions with a slight difference in the variables.

Of course, modern instrumental methods of chemical analysis come to the
rescue. They are highly accurate, based on the latest principles of contemporary
science, and often require modern equipment and highly specialized service personnel.
The work of the laboratory staff is based on the analysis of the received samples of raw
materials and products. At the same time, working in a chemical laboratory can be
dangerous, and specific standards and requirements for equipment and reagent storage
have been developed to protect the personnel.

Therefore, to achieve the best results, it is necessary to make substantial financial
and labour intensive investments in chemical laboratories. This is fully justified in a
number of forensic and innovative research laboratories, where each study is unique
and often has several legal implications.

However, a large number of chemical laboratories carry out routine work daily. A
fully equipped chemical laboratory allows you to study the properties of individual
substances and materials, to observe the course of the interaction of reagents. The main
goal of the employees of chemical laboratories is to create and implement express
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methods for the analysis of samples, which allow for quality control in the "field"
conditions. Work is constantly underway to speed up the preparation of samples for
research, and screening methods of analysis are being introduced. These laboratories
need daily rapid tests that can be performed quickly and inexpensively. Using relatively
inexpensive chemical reagents, the simplest physicochemical, color, and other tests
presented in the article, the laboratory will quickly and efficiently complete its daily task
while avoiding expensive equipment.

We hope that this work will be helpful, especially for environmental and chemical
laboratories with limited resources and factory and various industrial laboratories,
because as a result, both material resources and, most importantly, time are saved.

Keywords and phrases
Organic compounds, solvent, solubility, aliphatic and aromatic hydrocarbons,
alcohols, aldehydes, ketones.
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AHHOTauusa

[poBepeHNe XUMUYECKUX SKCMEPUMEHTOB WM WX aHanu3 3aHWUMatoT Y Y4eHbIX
60/bLUYyt0 YacTb BpemeHu OT Bcell paboTbl. CMellMBaTb U PacTBOPATb peareHTbl MOMET
ntoboii XMMUK, HO LA HEKOTOPbIX MCCNELOBAHUI U SKCMEPUMEHTOB HYMHO COTHM pa3
MOBTOPUTb OAHW U TE e MaHWMNyNAuMW, NPU 3TOM COXPaHMB TOYHOCTb Mponopuuii
peareHTOB. K TOMy € OrpOMHOE KOAMYECTBO CWN YXOAWT Ha COYETAHWE peareHTOB
Mexay coboii n dmKcaumio nNonyyeHHbIx pesynbraToB. Bce aT npouecchbl cxomu B ToM,
4YTO OHW TpebyloT MOBTOPEHWA OfHUX W Tex Me AelCTBMiA ¢ Hebonbluol pasHuuei
nepemMeHHbIX.

KoHeyHO, NpPUXOAAT Ha MOMOLLb COBPEMEHHbIE WHCTPYMEHTaNbHble MeTOAbI
xumunyeckoro aHanusa. OHuM 0bnafaloT BbICOKOW TOYHOCTbIO, OCHOBAHbl Ha HOBEWMLLINX
MpVHLMMIax COBPEMEHHOI Hayku, Mpy 3TOM YacTo MpeAnonararT Haluyne CoBPEMEHHOTO
obopynoBaHMA U BbICOKOCMELManu3npoBaHHoro obciysumsaroLlero nepcoHana. PaboTa
nepcoHana nabopaTopun CTPOUTCA Ha aHanu3e MosyYeHHbIX NPob CbipbA, NMPOAYKLUU W
matepuanos. B 1o e Bpema paboTa B xumuyeckoii nabopatopuu momeT ObITb onacHa, u
O0JA 3aWwuTbl MepcoHana pa3spaboTaHbl OnpefenéHHble cTaHpaptbl U TpeboBaHMA K
060pyn0BaHNIO U XPaHEHUIO peareHToB.

MosToMy [NA [OCTMMEHWA Haunyylwmx pesynbTaToB HeobXoguMO [fenatb
OrpOMHble (pUHAHCOBbIE U TPYLOEMKUE BIIOMEHUA B XMMUYecKue nabopatopumn. ITO
MOMHOCTBbIO OMpaBfaHO B pAAe cynebHo-MeauuMHCKuX nabopaTtopuii, a Takke B
MHHOBALMOHHbIX Hay4YHO-UCCNEenoBaTENbCKUX nabopaTopuaAx, Foe Kamk4oe uccnefoBaHve
YHUKa/IbHO U 4acTo UMEeT pAJ, FOPUSUYECKUX MOCIEeCTBUNA.

OpHako 6onblLOE KONMMYECTBO XMMUYECKMX nabopaTopuil emenHEBHO BbIMOMHAIOT
pyTvHHyto paboty. [MonHoueHHO obopypoBaHHaA xumuveckaa nabopatopuaA nossonAeT
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UccnefoBaTb CBOWCTBA OTHAENbHbIX BELLECTB M MaTepuanoB, HabniojaTb 3a XO[OM
B3aumopeiicTeua peareHToB. OCHOBHaA Lenb COTPYAHUKOB XMMUYECKMX nabopaTopuii -
co3jaHue U BHEAPEHUE IKCMPeCCc-METOA0B aHann3a o6pasLoB, NO3BONAOLLMX NPOBOAUTH
KOHTPOJIb Ka4yecTBa B «MOMEBbIX» YCNOBUAX, BEAYTCA paboTbl MO YyCKOPEHWIO MOArOTOBKM
0bpasLoB K MCCNefoBaHWIO, BHEAPAIOTCA CKPWHWUHIOBble METOAbl aHanusa. lakue
nabopaTopun HyMKOAlTCA B eMefHEBHbIX ObICTPbIX TecTax, KoTopble 6yAyT BbINONHATHCA
bbicTpo 1 6e3 ocobbix 3atpaT. Mcnonb3ys OTHOCUTENbHO HELOpPOrMe XUMUYecKue
peakTuBbl, npocTelilune  PU3NKO-XMMMYECKUE, LBETOBble W  [pyrue  TecTbl,
npeacraB/ieHHbIE B CTATbE, na6opaTop|/|ﬂ O4Y€eHb 6bICTpO N Ka4yeCTBEHHO BbIMO/MHUT CBOKO
MOBCENHEBHYO 3ajavy, npu 3ToM u3beraa  UCMonb3oBaHWA  [GOPOrOCTOALLETO
obopypoBaHuA.

Hapeemcsa, yto paHHaa pabota 6ypet nonesHoil, 0oCOBEHHO ANA IKOMOMMYECKUX U
XMMUYeckux nabopaTopuii C OrpaHUYeHHbIMM pecypcamu, a Takie OJA 3aBOACKUX W
pasHbIX MPOU3BOACTBEHHbIX nabopaTopuid, MOTOMY 4TO B pe3y/ibTaTe SKOHOMATCA KaK
maTepuanbHble pecypcbl, Tak U CaMoe rMaBHOE - BPEMA.

Kniouesblie cnosa u cpasbi
OpraHunyeckue coeaviHeHWs, pacTBOpuTENb, anudpaTMyeckue M apomaTuyeckue
YrneBojopoabl, CNUPTbI, BbICOKOMONEKYNAPHbIE anbiernfbl, KETOHbI.

Introduction

The basis of express analysis of unknown organic substances is qualitative
reactions - these are reactions that make it possible to prove the presence of a
particular substance (ion) in a medium or the presence of a functional group in a
substance.

Analyzed substances can be in various states of aggregation (solid, liquid and
gaseous). Based on the observed effects, all reactions can be divided into several
groups: formation of characteristic precipitation, dissolution of a substance, appearance
(change) of colour, the evolution of gases, change in smell, coloring the flame.

This work presents the qualitative reactions used in analytical chemistry, with the
help of which the elemental and functional analysis of organic compounds is carried out,
i.e., what elements and functional groups are included in the organic compound.

In addition, the basic concepts of identification are considered in detail:
sensitivity, selectivity and specificity of analytical reactions; methods of fractional and
systematic analyzes are described. Particular attention is paid to the choice of analytical
reactions and methods of their implementation, and the requirements for qualitative
reactions.
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Theoretical - methodological bases

Preliminary research (characteristics of appearance) can often greatly simplify
further work, although, in itself, it does not always lead to a complete solution to the
problem posed. Preliminary research begins with a description of the external
properties of the substance.

The most important stage of the theoretical and methodological bases of express
analyses of unknowns, including organic substances, are chemical colour reactions - a
change in the colour of a substance on various macro- and microscopic structures of the
samples under certain circumstances chemical reagents. This chemical research method
is used in the identification of samples of substances to distinguish between different
functional groups. A taxonomic trait can be either a positive or negative test result and
variations in the color change in positive reactions, since the same reagent can give
different staining for different functional groups.

Also, the determination of the solubility of a substance in water and various non-
aqueous solvents will help draw a conclusion about which class of organic compounds
refers to this substance.

It is also necessary to test the stability of the test substance when heated. In this
case, all observed changes in the substance should be noted: melting, sublimation,
colour change, odour release or decomposition. If the substance is flammable, it may be
helpful to record the colour of the flame.

Identifying substances by the nature of their smell requires a certain amount of
experience and skill. For example, the smell of simple monohydric phenols, lower
aliphatic alcohols, ketones and aldehydes, lower fatty acids of aromatic mononitro
derivatives is usually quite characteristic and can give a clue to their identification.

Research methods

When the test object is burned on the flame of an alcohol burner, a characteristic
smoky flame is observed during the combustion of high molecular weight aromatic
hydrocarbons. At the same time, when burning simple hydrocarbons, the smell of burnt
sugar is felt. If the object burns without residue, it means that it does not contain metal
ions in its composition.

The solubility (level of solubility) of the test object in the water and other (organic)
solvents makes it possible to determine to which class (group) of organic compounds it
belongs. Depending on the difference in the solubility of an object in the water and
ether, organic compounds can be divided into four classes:

a) soluble in water and ether:
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lower aliphatic alcohols, aldehydes and ketones, low and medium carboxylic acids,
aliphatic amines, polyhydric phenols, aminophenols;

b) insoluble in water and ether:

aliphatic and aromatic hydrocarbons, high amines, sulfamides, sulfanilic acid;

c) soluble in water, insoluble in ether:

polyhydric alcohols, polybasic acids, carboxylic acids, aliphatic amino acids,
sulfates, salts, carbohydrates.

d) insoluble in water, soluble in ether:

Hydrocarbons, alcohols (C5 and more), high molecular weight aldehydes,
ketones, higher (over 10 atoms - palmitic, stearic, oleic) and medium (4-9 atoms - citric)
carboxylic acids, acid anhydrides, halogenated hydrocarbons, ethers and esters,
phenols, higher amines, nitro compounds.

The solubility of the object in 55% solutions of NaOH and NaHCO; is also
investigated:

1) Carboxylic acids and some acidic phenols (nitrophenols) dissolve in these two
solvents. In addition, in the presence of carbonic acid in the composition of the test
object, when dissolved in a dilute solution of sodium bicarbonate, the release of CO, is
observed;

2) Phenols, primary and tertiary aliphatic nitro compounds dissolve only in NaOH
solution;

3) Alcohols do not interact with alkalis; therefore, water-insoluble alcohols are
also insoluble in alkalis.

When the test object is heated in a 10-20% NaOH solution, a yellow colouration is
observed in aldehydes, alcohols, reducible sugars, and in the presence of polyhydric
phenols, a brown-black colouration is observed.

Obtained results

Identification of functional groups.

Determining functional groups in the composition of the investigated object allows
you to determine which class of organic compounds it belongs to. For this, a functional
analysis is carried out, i.e., determining atomic (functional) groups with a certain
reactivity.

Saturated hydrocarbons can be distinguished from other organic compounds by
their low reactivity with most reagents used in the laboratory. Their identification is
carried out mainly by determining the physical constants (melting point, boiling point,
refractive index).

61



Unsaturated hydrocarbons or hydrocarbons of the ethylene series are identified
by the detection of the C = C double bond in the following ways:

1. The reaction of the addition of bromine. Compounds with a double bond
combine with bromine. If double bonds are present in the test object, then the reaction
leads to discolouration of bromine;

2. Reaction with potassium permanganate (Wagner reaction). For a qualitative
determination of the presence of a double bond, potassium permanganate is added to
the test object. The disappearance of the purple hue (fuchsia colour) and the
simultaneous formation of a cotton-like precipitate (MnO,) indicate the presence of a
double bond.

Unsaturated hydrocarbons of the acetylene series are identified by triple bond
detection. The identification of these substances as unsaturated compounds is carried
out in the same way as ethylene hydrocarbons. However, unlike hydrocarbons of the
ethylene series, the hydrogen atom of acetylene and its derivatives can be easily
replaced with metal ions to form acetylides with a characteristic colour.

2 RC = CH+Cu,Cl,—> 2 RC = CCu + 2HCI

To detect aromatic hydrocarbons, the test object is alkylated with chloroform in
the presence of aluminium chloride. In addition to the target product, complex salts of a
typical colour are formed.

AICl;

3C¢Hg + CHCl; —>(CgH5);CH + 3HCI
5CeHg + 2CHCl; —> (CgH5)5CCI + (CgH5),CH, + SHCI
(CeHs)sCCl + AICI; —> [(CsHs);CIAICI,

In the object of research, hydrogen halides are detected by the formation of
copper halides, which colour the flame of an alcohol burner green or bluish-green. It
should be remembered that nitrogen-containing compounds in the absence of halides
also give such a picture.

To detect compounds containing a hydroxyl group (OH) (aliphatic alcohols,
phenols, naphthols, etc.), we carried out the following:

1. the interaction of the object under study with
metallic sodium, as a result of which, in the presence of alcohols and phenols, sodium
alcoholates and sodium phenates are formed, and hydrogen is released.

2ROH + 2Na —> 2RONa + H,1

2. the interaction of the test object with glacial acetic
acid (ice vinegar) in the presence of sulfuric acid. As a result, an ester is formed; when
diluted with water, it passes into the upper layer of the mixture.

H*

CH;COOH + ROH <—> CH;3C(0O)OR + H,0
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3. to determine primary, secondary and tertiary alcohols, Lucas's reagent
(anhydrous ZnCl, in concentrated hydrochloric acid) is added to the test object. As a
result, water-insoluble chloroalkanes are formed.

ZnCl,

ROH + HCl —> RCI + H,0

Depending on the structure of the alcohol, the reaction proceeds at different
rates. Tertiary alcohols react at a high rate to form insoluble chloroalkanes. Primary
alcohols interact only under heating conditions; secondary alcohols occupy an
intermediate position.

4. Detection of polyhydric alcohols is carried out with copper (lI) hydroxide due to
the interaction of freshly prepared copper (ll) hydroxide with polybasic alcohols, white
complex salts with a bluish tint are formed.

H
CH,OH ~OCH
| 2 CHZO\Cu - | 2
2 CHOH * CUOH), —— |co 7 O CH
2H,0 ~H
CH,OH CH,OH HO CH,

To determine the presence of phenols, iron (lll) chloride is added to the test
object, as a result of which intensely colored complex salts are formed. In the presence
of monohydric phenols, violet colour is usually observed. In the case of diatomic
phenols, green, black, violet and yellow colours are observed, characteristic of
pyrocatechol, resorcinol, hydroquinone, respectively.

C¢HsOH + FeCl;—> C4HsOFeCl, + HCI
In order to identify phenols, the test object is treated with "bromine water", the

disappearance of bromine colouration is the result of the replacement of bromine.
Br

OH+ 3BF, 5 Bf OH + 3HBF

r

In the case of an excess of "bromine water", the resulting tribromophenol is
oxidized to 2,4,4,6-Tetrabromocyclohexa-2,5-dienone (C¢H,Br,0), which has a yellow

colour.
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Most phenols that do not contain substituents in the para-positions react with
nitric acid to form nitrophenols. In the presence of concentrated sulfuric acid, they
condense with excess phenol, resulting in pinkish reaction products.

O:@N—OH + OH o) N OH
“H,0

For the qualitative determination of naphthols in a test object of unknown origin,
an interaction with iron (lll) chloride in the presence of ethanol is carried out. If a-
naphthols are present in the test object, the mixture turns purple with dark purple
flakes. In the presence of B-naphthols, a yellowish-green colour is observed, followed by
the formation of a white precipitate.

The detection of carboxylic acids is based on their ability to replace and combine.
Aldehydes and ketones appear in almost the same way, in some cases as a result of
reactions at different rates.

To detect and quantify aldehydes and ketones, a reaction with 2,4-
dinitrophenylhydrazine is used. The formation of a yellowish or red precipitate indicates
the presence of a carbonyl group.

R
— N—HN N
0 + NHy—HN NO, — » > ©:
. H,0

R
O,

R, R' = H, alkyl, aryl groups

As a result of the interaction of carbonyl compounds with hydroxylamine
hydrochloride, oxime is formed, and HCl is released.

R,C=0 + NH,0HHCI —> R,C=NOH + H,0 + HCI

The change in the acid-base environment can be determined by the change in the

colour of the methyl orange indicator.
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Only aldehydes are characterized by the interaction of the test object with Schiff's
reagent (aqueous solution of fuchsin sulfuric acid). In the presence of aldehydes, grey

colour is observed.
CH(OH)R

HN——S0, NH—S0,

H
NH,
o}
R
S0,
ol )=t Sl e -

NH—— SO,H NH_——
NH, S0, SO,

RHOyH

Aldehydes are strong reducing agents that reduce trivalent copper to bivalent
copper and oxidize them to the corresponding carboxylic acids. Fehling's reagent
(CuH,0,S) is used as a reagent containing the Cu®* ion. In the presence of aldehydes, a
brick-red precipitate (Cu,0) is formed.

All aldehydes reduce the ammonia-water solution of silver oxide. In t case of an
excess of an ammonia-water solution, Ag,0 goes into solution in the form of an
ammonia complex.

Ag,0 + 4 NH; + H,0 —> 2[Ag(NH;),]"OH"

Aldehydes are easily oxidized and reduce silver complex compounds to metallic

silver. The following reaction occurs:
2[Ag(NH3),]OH + RC(O)H —> RCOO NH, + 2 Ag + 3 NH3 + H,0

Qualitative reactions of nitro compounds are based on the ability of primary,
secondary, tertiary nitro compounds to react with nitrous acid or on the ability to form
aci-forms of primary and secondary nitro compounds (nitronic acids).

Primary nitro compounds with nitrous acid give a blood-red colour. The following
reaction occurs:

RCH,NO, + HONO —> R(NO,)C=NOH + H,0

Secondary nitro compounds with nitrous acid give a bluish tint. The following
reaction occurs:

R,CHNO, + HONO —> R,C(NO,) NO + H,0

Tertiary nitro compounds do not interact with nitrous acid.

Primary and secondary aliphatic nitro compounds interact with concentrated
sodium hydroxide solution to form aci-forms of nitro compounds of sodium salts.
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)
O NaOH ¢
_®
/ <— RcH _®N/\ <—> RCH = e on®

RCH, N P OH N O

The interaction of the obtained compounds with ferric chloride leads to a reddish
or brownish-red colour.

For the qualitative determination of nitro compounds, a few drops of a solution of
diphenylamine in sulfuric acid are added to the test samples. If the solution turns blue,
it may contain nitrate and/or nitrite ions.

To detect aromatic nitro compounds, the test object interacts with a certain
amount of phenol, water, and potassium hydroxide. The appearance of a brownish-red
hue indicates the presence of aromatic nitro compounds.

Amines, as bases, show an alkaline reaction on a litmus test. Primary, secondary
and tertiary amines show different reactivity with nitrous acid.

When primary aliphatic amines react with nitrous acid, nitrogen is released.

RNH, + HNO,—>ROH + N, + H,0
Primary aromatic amines react with nitrous acid to form diazonium salts,
which combine with B-naphthols in solution. The formation of an orange or
orange-red hue indicates the presence of primary aromatic amines.
CeHsNH, + HONO —> [CgH5-N = N] CI + 2H,0

A g
R/ H,0 R/ o

Secondary aliphatic and aromatic amines with nitrous acid form nitrosamine
as a dark oil.
R,NH + HON=0 —> R,;N-N=0 + H,0
Tertiary fatty-aromatic amines with the addition of nitrous acid form C-
nitroso compounds, which colour the solution yeIIow—brown.

O = (O
/ -

To determine carbohydrates, aqueous solutions of sodium hydroxide (NaOH)
and copper sulfate (CuSO,) are added to the test samples. These mixtures are
heated to a boiling point; as a result in the presence of carbohydrates, a yellow
precipitate of copper hydroxide (CuOH) is formed. Upon further heating of the
solution, a red precipitate of copper oxide (Cu,0) is formed.
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H————OH H————OH

HO————H HO——F——H
° + 2CUso, +  5neon __, + ,cuon 2N3,50, + 2H,0

H——OH H——OH / \

H———OH H——OH CY,0 H,0

CH,OH CH,OH

The qualitative determination of fructose is based on Seliwanoff's test. When
fructose (and other ketosis) is heated with hydrochloric acid, oxymethylfurfural is
formed (the reaction lasts 30-60 seconds). Oxymethylfurfural with resorcinol forms a
reddish compound as a result of condensation.

To determine glucose, the sample is heated in a solution of acetic acid with o-
toluidine. The green colour of the solution indicates the presence of glucose. The
intensity of the colour is proportional to the glucose content. The latter is determined in
a liquid form in which proteins have previously been removed.

A few drops of 1% iodine solution are added to a certain amount of the test
sample to determine starch. The formation of an intense blue colour indicates the
presence of starch in the test sample.

To determine the presence of proteins, the test sample is treated with a 5%
aqueous solution of sodium hydroxide (NaOH) and then a few drops of a 10% solution of
copper sulfate. As a result, in the mixture, in the presence of proteins, a violet hue is
observed - this is the formation of a complex between copper (l) hydroxide Cu(OH), and
protein molecules.

The following reaction occurred:

o R,
©) Ry \¥~HC,/
o v Mud + CU(OH)2 E i J \ﬁ__c_"'
N —g—N_
u é NH—C—— — = 8§~ Fi e (Ea
8~ TOH : C? TN /O
_(I:_—- -~ \‘N_g—c\/
HC—C/ 'L oo
N

A few drops of the test sample are dropped onto filter paper to determine the
presence of fat, and a characteristic trace is observed. When the filter paper is heated
on a heater, the trace does not disappear in the presence of fat. Fats do not dissolve in
water, they dissolve well in benzene, chloroform, acetone, and partially in alcohols.

For a qualitative determination, fat emulsification is performed. Mixtures of the
test samples are prepared in test tubes, respectively, with distilled water, 2% aqueous
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solution of sodium carbonate, 2% aqueous solution of soap. The tubes were shaken
vigorously. In the presence of fats, the first solution forms an unstable emulsion in
water, and in the remaining test tubes a stable emulsion is observed due to emulsifiers,
which are adsorbed on the fat droplets, giving them the same charge, reducing the
surface tension.

Conclusions

In addition to the research methods listed above, the samples submitted for
research can be examined by other scientifically grounded instrumental methods, which,
however, involve the use of expensive equipment. However, the described methods are
very reliable, inexpensive, fast, applicable in open areas or in any other conditions, and
thus, they turn chemical science into a true friend and helper of other specialists.
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