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Abstract

Any chemical experiments and analyzes take up most of the time from all the
work of scientists. Any laboratory worker can mix and dissolve reagents. Still, some
studies and experiments must repeat the same actions many times while maintaining
the accuracy of the proportions of the reagents. All these processes require
repeating the same steps with a slight difference in the variables.

Fortunately, modern instrumental methods of chemical analysis come to the
rescue today. They are highly accurate, based on the latest principles of
contemporary science, but they 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, products and materials. At the same time,
working in a chemical laboratory can be hazardous, and certain standards and
requirements for equipment and reagent storage have been developed to protect
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 laboratories and in 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 task of the employees of chemical laboratories is to create and
implement express methods for the analysis of samples, which make it possible to
control the quality in the "field" conditions. Work is constantly underway to speed
up the preparation of samples for research, screening methods of analysis are
being introduced. These laboratories require daily rapid tests that can be
performed quickly and inexpensively. Using relatively inexpensive chemical
reagents, the simplest physicochemical, colour, and other tests presented in the
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article, the laboratory will efficiently and rapidly 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 labo-
ratories, because as a result, both material resources and, most importantly, time
are saved.

Keywords and phrases: cations, anions, mixture, solubility, thiosulfate, hy-
drogen fluoride, crystal, oxalate, precipitate.
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IKCNPECC-AHA/IN3 HEOPITAHUYECKUX BELLECTB HEU3BECTHOIO
MPOUCXOMEHUA
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2-ii Kypc marucTparypbl
Kadbeppa obLueii xumun n xummnyeckux TexHonoruit MIictutyTta ropHo-
MEeTaNNypruyecknx U XMMMYECKUX TeXHONOrnii HaloHanbHoOro nonMTexHNYecKkoro
yHusepcuteTa ApmeHuu
suren.gharajyan@mail.ru

AHHOTauus

Ntobble XxvMMYecKne 3KCNepUMEHTbl W aHanu3bl OTHUMaOT OOMbLUYIO HacTb
BpeMeHn OT Bceil paboTbl ydeHbix. Ha camom pene ntoboit nabopaHT MoMeT
CMellMBaTb W PacTBOPATb peareHTbl, HO [ANA HEKOTOPbIX UCCNefoBaHUil U
3KCNEPUMEHTOB HEOOXOAMMO MHOIOKPaTHO MOBTOPATb OAHU W Te Ke JAeicTBuA,
COXpaHAA TOYHOCTb Mpornopumii peareHToB. Bce aTn npoueccol TpebytoT nosTOpeHUs
OJHVX W Tex e AeicTBMiA ¢ HeOOMbLLOWN pasHULEN B NEPEMEHHbIX.

K cyacTbto, cerogHa Ha NOMOLLb NMPUXOAAT COBPEMEHHbIE MHCTPYMEHTaNbHble
MeToAbl Xummyeckoro aHannsa. OHu 0bnaparoT BbICOKOI TOYHOCTbIO, OCHOBaHbI Ha
HOBEWLLUMX NPUHLUMNAX COBPEMEHHOW Hayku, HO TpebytoT CcoBpeMeHHOro obo-
PyfOBaHMA W BblCOKOCNeLManM3MpoBaHHOro obcnymusatolero nepcoHana. Pabota
COTPYAHWUKOB nabopaTopuy OCHOBaHa Ha aHanuse MonyyeHHbIx 0Opa3LoB CbipbA,
npoayKkToB U maTepuanoB. B To e Bpema pabota B Xxumuyeckoii nabopartopum
MoMeT ObITb OMacHoW, M ANA 3aluTbl NepcoHana MoCTOAHHO pa3pabaTbiBatoTcA
onpepeneHHble cTaHaapTbl U TpeboBaHUA K 06OPYAOBAHUIO U XPaHEHUIO peareHToB.

MoaToMy p[nA [OCTUMEHMA HaunyyluMX pesynbTaToB Heobxoaumo penatb
OrpOMHble (PMHAHCOBbIE U TPYA03aTpaTHbIE BOMEHWA B XUMMYECKUe nabopaTopuu.
D70 MONHOCTBIO onpaBpaHo B pAae nabopatopuii cynebHoi sKcnepTH3bl, a TakMe B
MHHOBALMOHHbIX UCCnefoBaTenbckux nabopatopuAx, e Kawpoe WCCnefoBaHve
YHUKanbHO M 4acTo UMEET PAL, FOPUANYECKNX NMOCNEACTBUIA.

OpHako 6onblUOE  KONMYECTBO XMMWUYECKMX nabopatopuii  emxemHEBHO
BbIMOMHAIOT  PyTWHHYtO  paboty. [lonHocTblo  obopypsoBaHHaA — XMMMUYECKas
nabopartopus NO3BONAET M3y4yaTb CBOWCTBA OTAENbHbIX BELLECTB U MaTepuanos,
HabntogaTtb 3a xopoM B3aumogeiicteua peareHToB. OCHOBHaA 3ajava COTPYAHUKOB
XMMUYeckux nabopatopuii - co3faHue W BHefpeHue SKCMpecc-MeTofoB aHanvsa
npob, NO3BONAIOLLMX KOHTPONUPOBATb KAYECTBO B «MONEBbIX» ycnosuaAx. [octoaHHO
BefeTcA paboTa Mo yCKOPEHWIO MOArOTOBKM Npob K MccnefoBaHWAM, BHELPAIOTCA
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CKPUHMHrOBble MeToAbl aHanu3a. B atux nabopatopuax TpebytoTca ememHeBHble
3KCMPECC-TECTbl, KOTOPbIE MOMHO NPOBOAMTL ObICTpO U Hepoporo. Mcnonbsya
OTHOCUTENbHO ~ HEfOPOrve  XMMUYECKUe  peakTuBbl, npocTeiilune  U3MKO-
XMMUYeCKue, LBETOBble U [pyrue TecTbl, NpeAcTaBieHHble B CTaTbe, nabopatopus
04eHb bbICTPO M 3pheKTUBHO BLIMOMHUT CBOKO MOBCEAHEBHYIO 3ajadvy, nsberasa npu
3TOM MCMONb30BaHNA LOPOroCTOALLLEro 060pyA0BaHMA.

Hapeemca, yto ata pabota 6yaer nonesHoi, 0CO6EHHO ANA IKONOrUYECKUX U
XMMUYecKnx nabopaTtopuii ¢ orpaHM4YeHHbIMM pecypcamu, a TakKe AnA 3aBOACKUX U
pasfnyHbIX MPOMbILLNEHHbIX nabopaTopuii, MOTOMy 4YTO B pe3ynbTaTe 3KOHOMATCA
Kak MaTepuanbHble Pecypcbl, Tak 1, CaMoe rnaBHoe, BpemA.

KnioueBble cnoBa u cpasbi: KaTWOHbI, aHMOHbI, CMECb, PacTBOPUMOCTb,
Tnocynbdpat, hTOPOBOAOPOS, KPUCTAN, OKCanaT, OCafoK.

Introduction

The express analysis of unknown inorganic substances is based on qualitative
reactions - these are reactions that make it possible to prove the presence of a
certain substance (ion) in a medium or 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: the formation of characteristic precipitation, dissolution of a substance, the
appearance (change) of colour, the release of gases, a change in smell, the colour
of the flame.

This paper presents the qualitative reactions used in analytical chemistry, with
the help of which the elemental and functional analysis of organic compounds is
carried out. These 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 studies (characteristics of appearance) can often greatly simplify
further work, although they do not lead to a complete solution to the task at hand.
Preliminary research begins with a description of the external properties of the
substance.

The most important stage in the theoretical and methodological foundations
of express analyzes of unknown inorganic substances are chemical colour reactions
- a change in the colour of a substance on various macro-and microscopic
structures of samples under the influence of certain chemical reagents. This method
of chemical research is used in the identification of samples of substances to
distinguish between different functional groups. A taxonomic trait can be either a
positive or a negative test result, and variations in colour change in positive
reactions. 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 inorganic
compounds this substance belongs to.

It is also necessary to check 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 can be helpful to record the colour of the flame [1, p. 42-44].

Identifying substances by smell requires experience and skill.

Research methods
In the present work, the definitions of cations and anions are given, as well as

the determination of these components by various chemical methods. Using colour
tests, the qualitative parameters of an unknown substance were determined.

If a characteristic colour is observed when the test object is burned on the
flame of an alcohol burner, this indicates the presence of certain metal ions. If the
object burns without colour and residue, it does not contain metal ions in its
composition [1, p. 149-150].

Solubility (level of solubility) of a test object in the water and other (organic)
solvents allows you to determine to which class (group) of inorganic compounds it
belongs. Depending on the difference in the solubility of an object in water and
ether, inorganic compounds can be divided into 4 classes:

a) we will dissolve in water and ether:
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b) insoluble in water and ether:

c) we will dissolve in water, we will not dissolve in ether:

d) insoluble in water, soluble in ether:

Residue formation is also an important identification factor.

The peaks of the crystallization, melting and boiling points of the investigated
substance are also significant and give almost complete information about the
chemical composition of the substance [2, p. 26].

Obtained results

The analyzed mixture of salts is carefully inspected, determining its
appearance, colour, smell, degree of grinding, the presence of crystalline or
amorphous phases. It allows us to establish whether the mixture is homogeneous,
whether it contains one or more solid phases - crystalline or amorphous, what are
the sizes of the particles, that is, we determine the organoleptic and morphology of
the test sample.

According to the colour of the analyzed mixture, one can make assumptions
about the presence or absence of certain cations in it. If the mixture is a colorless
transparent or white mass, then this indicates the absence of significant amounts of
colored cations in it - Cr® + (blue-violet or dark green), Mn? * (light pink), Fe® *
(yellow-brown), Co? + (pink), Ni? * (green), Cu? * (blue). If the mixture is colored, we
can assume the content of one or more of the above cations. Suppose there are
several different coloured cations in the mixture. In that case, its colour may be
intermediate between the colours of the individual coloured cations, depending on
their relative content and chemical form (salt, complex, oxide, etc.).

If the mixture is a homogeneous substance readily soluble in water, it is
usually dissolved in water without grinding into powder. If the mixture is
heterogeneous and does not dissolve very easily in water, it is triturated to a
homogeneous mass consisting of small particles. Small particles mix easier and
dissolve faster in water.

After a thorough inspection, the dry mixture is ground into powder in a
porcelain mortar.

The action of dilute sulfuric acid
Dilute sulfuric acid displaces weak acids from their salts - carbonates, sulfites,

thiosulfates, sulfides, cyanides, nitrites, acetates. The released weak acids, unstable
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in an acidic environment, either volatilize or decompose to form gaseous products.
Some of them have a characteristic colour or smell.

If carbonates are present in the mixture, gaseous carbon dioxide CO; is
emitted (colourless and odourless). In the presence of sulfites and thiosulfates,
sulfur dioxide SO with the smell of burning sulfur is released; in the presence of
sulfides - H,S hydrogen sulfide with the smell of rotten eggs; in the presence of
cyanides - HCN hydrocyanic acid vapor with the smell of bitter almonds; in the
presence of nitrites, brown vapors of nitrogen dioxide NOy; in the presence of
acetates - pairs of acetic acid CH3COOH with the smell of vinegar.

A little mixture is taken into a test tube for the test, and diluted sulfuric acid is
added dropwise. Gas evolution indicates the presence of weak, unstable acids in the
acidic medium in the analyzed mixture of the above anions.

The effect of concentrated sulfuric acid on the sample

When interacting with the analyte, Concentrated sulfuric acid can release
gaseous reaction products from fluorides, chlorides, bromides, iodides,
thiocyanates, and oxalates nitrates.

If fluorides are present in the analyte, hydrogen fluoride vapours HF is
released; in the presence of chlorides - HCI vapours and chlorine gas; in the
presence of bromides - HBr vapours and gaseous yellow bromine; in the presence
of iodides - violet vapours of iodine I, in the presence of thiocyanates - gaseous
sulfur dioxide, in the presence of oxalates - gaseous carbon monoxide (II) -CO and
carbon monoxide (IV) -COs.

Cation Classifications

Hydrogen sulfide classification of cations

The classification is based on the difference in solubility of chlorides, sulfides,
hydroxides and carbonates of various elements.

The following group reagents are used: HCI, HxS, (NH4)2S, (NH4) 2CO3 added
to the analyzed mixture in a certain sequence [2, p. 292].

Group Cations Group reagent
| Li+, Na+, K+, NH4+, Mg2+ No
I Ca*, Sr?+, Ba>* A solution of (NH4)2CO3 in ammonia buffer (pH =
9,2)
M AP+, Cr3+ A solution of (NH4)2S (pH =7 - 9)
an*, an*, Fez*, Fe3*, C02+, Ni2+
v Cu?, Cd*, Hg*, Bi® A solution of H»S at pH = 0,5
Sn2+, Sn4+’ Sb3+, Sb5+, AS3+, A55+
\% Ag*, Hg¥, Pb A solution of HCI
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Acid-based classification of cations
This classification of cations into groups is based on the use of aqueous

solutions of acids and bases as group reagents, such as hydrochloric acid HCI,
sulfuric acid H.S0s, sodium hydroxides NaOH or potassium KOH (in the presence of
hydrogen peroxide H,0,) and ammonia NHs. This classification is less perfect than
the hydrogen sulfide classification and is less detailed, but its use does not require
the production and use of toxic hydrogen sulfide.

Cations opened as part of the acid-base classification are divided into six
analytical groups.

Group | Cations Group name Group Group Feature
reagent
Ag*, Hga?*, Pb? Chloride HCl Formation of poorly soluble
chlorides
Il Ca?, Sr2*, Ba% Sulphate H2S04 Formation of water-insoluble

(poorly soluble) sulfates

i Al3+, Cri3+ Ampholytic NaOH Formation of soluble salts
Zn2+, Sn2+, Sn4+’
As3+’ A55+

v Mn2+, Fe?+, Fe3+, Hydroxide NaOH Formation of poorly soluble
Mg, Bid*, Sb3+, hydroxides
Sb5+,

\% Cu?, Cd*, Hg*, Ammonia NH4OH Formation of soluble complexes
Co?*, Niz* - ammonia

\ Na*, K+, NH4+ Soluble No Compounds soluble in water

Cation detection

The analysis of the mixture, consisting of three unknown cations, began with
preliminary tests.

We studied the appearance of the test mixture. It consisted of dark-green,
colourless and white crystals. Dark-green crystals indicate the possible presence of
chromium cations. The absence of pink, blue and brown-yellow crystals suggests the
absence of Co?*, Cu?* and Fe®* ions, respectively.

We ground the mixture in a porcelain mortar. A water extract was prepared:
part of the test mixture was dissolved in water with heating and thorough mixing.
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However, a small amount of the substance remained in the sediment, indicating the
presence of a sparingly soluble compound. Also, the absence of a gelatinous
precipitate in the aqueous extract indicates the absence of easily hydrolyzing salts of
Sb3+ and Bi3* in the mixture.

We conducted a fractional analysis. The presence of Cr3 * ions was checked:
for this, a 2M NaOH solution and 3% H,0, were added to the test solution and
heated. The green colour of the solution (the colour of [Cr (H0) ¢] 3* aqua
complexes) changed to yellow (the colour of CrO4*- chromate ions). It indicates the
presence of Cr3+ ions in the test mixture.

2 [Cr (HzO) 6] 3+ 4+ 3H,05, = 2Cr04% + 6S04% + 14H+

The presence of Fe? * ions was checked: a solution of red blood salt Ks [Fe
(CN) 6] was added to the test solution. The blue precipitate did not fall out. This
means that there are no Fe?* ions.

The presence of Ni2 * ions was checked: NH4OH (without excess), amyl alcohol
and dimethylglyoxime (Chugaev’s reagent) were added to the analyzed solution. The
absence of raspberry colour in the organic solvent layer indicates the absence of Ni2
*ions.

The content of ammonium ions NH* * in the test solution was checked: an
excess of alkali was added to the solution to dissolve the precipitated heavy metal
hydroxides and an excess of Nessler's reagent (a mixture of potassium
tetraiodomercurate (1) solution K, [Hgls] with 2N KOH) was added [2, k9 344-416].
A reddish-brown precipitate of mercury ammonium iodide was formed:

NHs* + 2 [Hg|4] 24 20H = [OngNHz] I, +7I"+ 3H,0

Anion Detection

Analysis of a solution containing three unknown anions began with prelimi-
nary tests.

The solution was tested for the presence of weak acid anions: a 2N H;SO4
solution was added and heated. The absence of opacity of the solution and the
absence of gas evolution and the smell indicate the absence of sulfites, carbonates,
thiosulfates, nitrites, silicates, and acetates.

The solution was tested for the presence of anions of the first analytical
group: BaCl, was added in an alkaline medium. There was a white precipitate, which
means that there are cations of the first analytical group.
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The solution was tested for the presence of anions of the second analytical
group: 2M HNOs and AgNOs were added to the solution, the absence of a
precipitate indicates the absence of anions of the second analytical group.

We conducted a fractional analysis. To detect SO4*, BaCl, was added to the
solution, and the solubility of the resulting white precipitate in dilute acids was
studied. The precipitate is insoluble in acids, which means this substance is BaSOs4.
At the same time, sulfate ions were contained in the test solution [1, p. 98].

Ba?+ + SO4* = BaSO4 |

We found PO4% ions: upon addition of ammonium molybdate (NH4) 2MoQ4 to
the solution in a nitric acid medium, a yellow crystalline precipitate of ammonium
phosphoromolybdate formed upon heating. This is a complex ammonium salt of
phosphoromolybdenum heteropoly acid.

The following reaction occurred:
PO + 3NHs* + 12Mo042 + 24H+ = (NH4) 3 [PO4 (MOOa) 12] + 12H,0

We added a solution of diphenylamine in a sulfuric acid medium to the
analyzed solution. The solution turned blue, which means it may contain nitrate
and/or nitrite ions. Since the absence of nitrate ions in the preliminary tests was
proved, it is evident that only nitrate ions were contained in the test solution.

When reacted with diphenylamine in a sulfuric acid medium, nitrate ion con-
verts this organic reagent into its oxidation product named blue diphenyl diphe-
noquinone diimine (“diphenyl benzidine violet”). First, the irreversible oxidation of
diphenylamine to diphenyl benzidine occurs:

2C5H5NHC5H5 — C5H5 - NH - C5H4 - C6H4 - NH - C6H5 + 2H t+ 26’

Then, the benzidine molecule is reversibly oxidized in the presence of an
oxidizing agent to diphenyl diphenoquinondiimine which is colored blue:

CeHs - NH - CsHa - CeHa - NH - CeHs - CeHs - N = = = - CgHs *+ 2H* + 2e

As a result, the solution turns blue. The resulting blue product of the
oxidation of diphenylamine is further irreversibly destroyed first to the final reaction
products of a brown and then yellow colour. Following this, when the blue mixture
is standing, its colour gradually changes first to brown and then to yellow [2, p.
229-232].

Conclusions

In addition to the research methods listed above, the samples submitted for
research can be examined by other scientifically grounded instrumental methods,
which involve the use of expensive equipment. However, the described methods are

64



very reliable, inexpensive, fast, applicable in open areas or any other conditions.
Thus, they turn chemical science into a true friend and helper of other specialists.
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