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All-Ukrainian chemistry Olympiads — Exercises of Organic Chemistry

The Olympiads may be described as a means of furthering the existing
knowledge of the candidates while at the same time counseling them on possible
future careers. The principal feature of the chemical Olympiads is to solve
various theoretical and practical problems of different complexity. The
candidates are expected to show their creativity, logic and knowledge of
chemistry and others subjects (mathematics, physics, etc.) to succeed in these
exercises. Therefore, one might say that the Olympiad’s while creating an
interest in technical subjects also inculcate habits like ingenuity, out-of-box
thinking, which are enormous assets when pursuing higher specialized studies.

The Mathematics Olympiad which was held in Leningrad (Russia) in 1939
was, historically, the first Olympiad. The first chemistry Olympiad of Ukraine
was held in 1963 (in Dnepropetrovsk). The chemistry Olympiad has since come
a long way with the current system split into 4 levels. Level | is during high
school, level Il is regional, followed by level 111 which is provincial and, finally,
level IV which is national. Year after year nearly 200 000 candidates take part in
level | though only 160 pupils are admitted to the final level [1; 2].

The complexity of the Olympiad depends on the level, and in fact the level
of the first two stages corresponds to the high schools’ chemistry program. For
the I11 and IV levels the candidates are required to have a deeper understanding
of the subject. The theoretical round can be split into 3 parts: quantitative,
qualitative and mixing exercises. The exercises can be either practical in nature
I.e. in laboratories or industries, or more hypothetical (mental experiment) that
require the candidate to have a strong grasp on the subject.

The majority of the exercises in the Olympiads are informative because the
candidates learn new interesting facts of chemistry at the end of the exercises.
There are also exercises that are probably beyond the candidates’ program, but
additional information is present and this helps in successfully solving the
problem.

The chemistry Olympiad has become increasingly difficult with the years,
for example, the exercises of the IV level in the 1960s are now used in the Il
level and those of the 1V level of the 1980s are, presently, used in the I11 level.



Currently, there is a new section of chemistry for the candidates (9", 10"
and 11™ classes) — Organic chemistry. The problems in this section are diverse
and combine several subsections such as biochemistry, stereochemistry, metal-
organic chemistry including catalysis, polymers chemistry etc.

Unfortunately, even the most contemporary textbooks have not been
updated with the theories and discoveries of the past few years. While the
information can be found in English textbooks and articles, a large number of
the candidates are not fluent in English for it to be of much use. Hence, the
Olympiad at the 11l and IV levels give them the possibility to discover the latest
that is happening in the world of chemistry. From our point of view, the
Olympiad’s problems give the effective self-control of a pupil, because they
have detailed author’s solutions. According to one of the prize-winners of the
International chemistry Olympiad, “I hadn’t any text-book of stereochemistry
(one subsection of organic chemistry), but | understood it after solving a dozen
of the Olympiads’ exercises which contained the questions of stereochemistry”.

The organic chemistry section can be divided into 2 parts: the quantitative
part and the qualitative part. The contribution of the qualitative part is higher
here when compared to the other sections (physical, analytical and inorganic
chemistry). This is probably due to the fact that organic chemistry deals with
several elements (C, H, O, N, etc.) and often times a quantitative analysis alone
is insufficient to determine the organic compounds.

There are different quantitative data in the organic problems beginning
with simple data such as mass fraction of the elements and proceeding on to the
results of investigations of compounds by physical methods of analysis such as
the nuclear magnetic resonance spectroscopy (NMR 'H, *C), infrared
spectroscopy (IR), ultraviolet spectroscopy (UV) and mass spectroscopy. The
above mentioned physical methods go beyond the chemistry program of
schools, though they are generally not very complicated and promote in uniting
the chemistry at school with contemporary advances in research.

In fact, we can consider that a standard exercise in the Organic chemistry
section is the complete synthesis of a compound, for example, a medical product
based on a simpler molecule. This synthesis has several steps (8-10 steps) and
almost all of the intermediate products are unknown. It should be noted that the
further the chemical reactions go beyond the schools’ program, the more
quantitative the data of the intermediate products are used for reproducing the
logic of the problem. Inductive logic is used here for solving these problems.

Qualitative analysis of unknown compounds is the other type of problems
in the organic chemistry section. It is necessary here to find the formula of the
molecule using the data of different reactions and transformations. Quantitative
data and deductive logic are used to solve these problems.

There is a third type of exercise where physical methods of analysis are
used to distinguish the different organic compounds. This is performed by



determining the correlation between the spectra of one of the physical methods
of analysis and the formula of the compound.

Level 1V is typically multidisciplinary and combines organic chemistry
with physical chemistry (thermodynamic or kinetic parameters, equilibrium
constants, etc.) or with the other sections of chemistry.

The problems of organic chemistry correspond well to the program of
International chemistry Olympiad and hence, the candidates (typically 4
candidates) who are selected to be a part of the National team show a good level
of competency in these problems and also problems in other sections. For
example, our team had an average score of 87% at the International Chemistry
Olympiad in 2008 [1; 3] and 84 % in 2009 [1; 4].

In fact, the problems of organic chemistry have also:

- Questions of the form “At your option, was it possible, that ....?”. It

allows verifying the creative thinking of the candidate.

- Questions where the candidate can give answers without solving the
principal part of the problem and obtain certain “comforting” points.
This is very important in terms of motivating the candidate.

- Questions with historical content, etc.

Therefore, an investigation into the importance of the Olympiads shows us
that they are an important factor in the mental development of the candidate.
Prize-winners of the All-Ukrainian Olympiad have very promising careers in
scientific research.
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JESIKI OCOBJUBOCTI 3AJAY 3 OPTAHIYHOI XIMII
HA OJIMIIIAJIAX FOHUX XIMIKIB

[IpeameTH1 Y4YHIBCBKI OJIMIIIAJM, B TIM YHUCII ¥ XIMI4HI, BIJITPAOTh
BAXKJIMBY POJIb Y PO3BUTKY YUHIB Ta CIPUSAIOTH iX mpodopieHTaii. I'010BHO0O
YAaCTUHOIO OJIMIIAQAM FOHMX XIMIKIB € PO3B’SI3aHHS PI3HOMaHITHHX 3a
CKJIQIHICTh Ta (POPMOIO MPE/ICTABICHHS XIMIYHUX 3a/1a4 SIK TEOPETUYHUX, TaK 1
eKcriepuMeHTanbHuX. OCKUIBKY ISl YCHIITHOTO BUKOHAHHS TaKWX 3a7a4 Y4HI
MaroTh MPOJEMOHCTPYBATH KPEATUBHICTh, 3HAHHSA 3 XIMIi Ta 1HIIUX TPEIMETIB
(¢13uku, MaTeMaTUKH TOIO), TO OJIMITana crpuse (HOpMyBaHHIO B MOJIOI
TaKuX pHUC SK BHUHAXIUIMBICTh, 3alllKaBJICHICTh JIO0 NPHPOJHUYUX HaAYK,
HECTaHJApTHY JIOTIKY, a TaKOXX HAKOMUYEHHIO HEOOX1THOTO Oaraxy 3HaHb 1
BMiHb JIJI MOJAJIBIIOTO HABUYAHHS Yy BUIMUX HABYAIBHHUX 3aKjaJax 3a JaHOIO
CHEIAIBHICTIO.

Meta naHoOi CTaTTi — MPOBEJCHHS OTJISI0BOIO aHai3y CTaHy IIKUIBHUX
XIMIYHHX OJIIMITIa] Ha YKpaiHi Ta BUSBJICHHS OCOOJIMBOCTEH 3a/1a4d 3 OpraHiqHOL
X1Mii.

[lepma npenMeTHa osiMmiaga Oyjia 3anpoBaJPKEHa 3 MaTeMaTUKU B
Jleninrpani B 1939 poui. B Ykpaini nepia xiMiuHa ofimMiiajga Oysa npoBeaeHa




y 1963 poui (M. JIHIDpomeTpoBCHK). 3a ACCATUPIUYS CHCTEMa OJIIMITIaL
3MIHIOBajlacsd Ta BJOCKOHaJIOBajacs. Y  TeMepilliHIM dYac oJiMIiaaa
IPOBOAMUTHCS B YOTHpHU eTanu, a came: | — mkinpuuii; |1 palionnuii (MichbKHiA);
Il — o0nacuwmit; 1V — Hamionaneuuii [1; 2]. lllopoky B mepiioMy eTari npuiiMae
yuacTs npubmmszHo 200 000 yuacHukiB, a B 4-My ertari — 0151 160 y4HiB.

CkrmagHiCTh ONIMIIQAHUX 3a/ay 3aleXKHUTh BiJ €Tamy iX NpPOBEICHHS,
30KpemMa, — piBEeHb 3aj]a4 MepIIoro Ta JPyroro eramy, K IpaBUIIO, BIAMOBIIAE
IIKUTBHINA mporpami. s TpeThoro eramy y4HI MarOTh BXKE€ MaTH JIOAaTKOBI
3HAHHS, a YETBEPTUM eTamn Bxke MmoTpedye 10BOJI MIMOOKHMX 3HAHb 3 Ximii. 3a
3MICTOM 3aJladyl TEOPETHYHOrO0 TYpy MOXKHA PO3IUIMTH Ha KUIbKICHI
(po3paxyHKOBI1), AKICHI Ta KoMOiHOBaHI. Taki 3a7a4i MOXXYTbh HOCHUTH TaKOX
BIITIHOK MPaKTHYHHMX, TOOTO BIAMOBIJATH pealbHOMY Ipoliecy B jadopartopii
YW TEXHII, a00 MaTH TIMOTETUYHUM XapakTep (PO3yMOBHUN €KCIIEPUMEHT), IO
noTpeOye BiJl yUHsI BUCOKOT pyAMIII.

BigpniicTe 3a7a9 XIMIYHUX OJIIMITIAJ € IMI3HABAJILHUMH, OCKUIBKH ITICHA 1X
pO3B’si3aHHS y4YHI JI3HAIOTBCA NOPO HOBI WikaBl (akTH. I[CHYIOTH TakoX
Mi3HaBaJbHI 3ajadi, SIKI BHUXOJAATH 3a MEXI IPOrpamH, MpoTe B iX YMOBI €
BIIKpUTa YM JaTeHTHa (ImpuxoBaHa) 1H(oOpMAIlis, BHUKOPUCTAHHA SKOi
MIPUBOJNTH JI0 YCITIIITHOTO PO3B’ I3aHHSI.

CkiamHiCTh 3aay 3pOCTae 3 KOXKHUM POKOM I NOPIBHSHHSA MOKHA
NPUBECTU TPUKIAL, 1o 3apa3 ;s || eramy HOCHMTh 4acTO BUKOPHUCTOBYIOTHCS
3amaui Il eramy 60-x pokiB, a ays cydacHoro Il eramy (o6nacHoro) 3anmaui 1V
etammy 80-X pOKiB.

VY crapmux kiacax (panime 10-11, a 3apa3 1 y 9-my kiaci) 3’SBISIETbCS
HOBUHW pPO3AUT XiMmii — opraniuyHa. 3ajayi 3 OpraHiyHOi XiMii PI3HOMAHITHI 1
00’eIHYI0Th Y c001 OaraTo miapo3/iIiB CydyacHOi XiMmii — 010XiMii, cTepeoximii,
XiMIi METaJlOOPTraHiYHUX CHOJYK Ta Karajidy, XiMii BHCOKOMOJEKYJSPHUX
CHOJYK.

Ha >xanb, HaBiTh Cy4yacHI MIPYYHUKH HE MOXKYTh JaTH CBIXKY 1H(QOpMAIIiO
3 xiMmii 3a octaHHi poku. llg iHopmallis 3HAXOAUTHCA, SK TPABUIO, B
aQHTJIOMOBHHUX MMJAPYYHUKAX, a00 CTATTAX, SKI 3BICHO HE € JIOCTYIHHUMH JIJIs
YUYHIB 1 TIO-JIpyre He KOXeH MoXxe ix uutaTu. [Ipu mpoMy ydacTh B onimmiaii
(0cO0IMBO TPETHOTO Ta YETBEPTOrO €TamiB) SK pa3 1 MOXKE HaJIaTh TaKy
MO>KJIMBICTh ii y4aCHUKaM II3HaBaTH XIMIIO 4Yepe3 3ajadi. 3 HaIIOTO MOTJIANLY,
OJIIMITIAJIHI 337]a41 CIPUSIIOTh €PEKTUBHOMY CAaMOKOHTPOJIIO JIJISl YUHSI, OCKIITBKH
MarTh PO3TOPHYTI aBTOPCHKI BIAMOBiAl. 3a CJIOBaMU OJHOTO 3 YYaCHUKIB
ommmianu (IHimianu, npi3Buuie), npuepa MIKHAPOIHOT XIMIYHOT OMIMIMIaIu:
«Y MeHe He OyJo >XKOAHOTO MiApy4YHUKA 3 cTepeoxiMmii (po3aial opraHidyHOi
XiMii), IpoTe s 3pO3yMIB ii Miciisg PO3B’A3YBaHHS JECITKAa 3a7ad, 110 MICTUIIU
MUTAHHS 3 [i€1 TeMI.

OmiMmmiaaHi 3a7a9i 3 OpraHivyHOl XiMil TaKOXX NOJUISIOTh Ha SKICHI Ta
KUIBKICHI, aJIé 4acTKa «SIKICHOCT» BXKE€ 3pOCTa€, HAMPHUKIAMI, Y MOPIBHIHHI 13
3alayaMu 3 1HIUX po3aiUTiB ((Pi3uyHOI, aHATITUYHOI Ta HeOpraHiuyHo1 xiMmii). Ha



Hally AyMKY, 1€ 3yMOBJIGHO THUM, III0 OpraHiyHa XiMmis — I€ XiMisl BChOTO
nekinpkox enemeHTiB (C, H, O, N ...), a KUIbKICHHI aHaNI3 € HEAOCTaTHIM IS
BU3HAUCHHsI HEOOXiAHUX pedyoBHH. Jly»e YacTo opraHiuHi 3ajadi B3arajil He
MalOTh KUIBKICHUX JAHHUX, TOOTO € BHKJIIOYHO SIKICHUMU.

Jlns BBeleHHS B yMOBY 3afadl KUIbKICHMX XapaKTEepPUCTHUK J0JIal0Th
PI3HOMAaHITHI BIJOMOCTI MPO PEYOBHMHH — BiJi HAMMPOCTIMIMX (MacoOBI YaCTKU
€JIEMEHTIB) J0 Pe3yJbTaTiB iX JAOCTIKEHHS Cy4YaCHUMH (i3UYHUMH METOIaMHU
aHAI3y — syepHO-MarHiTHa crektpockomiss (SIMP 'H, °C), indpauepona
cnektpockomiss (1Y), ympTpadioneroBa chnekTtpockomiss (Y®) Tta wMac-
cnektpockomnisi. OCTaHHI Taki METOAM BUXOJATH 32 MEXI IIKUIBHOI MPOrpaMu,
ajie 3arajJjoM HE € CKJIQJHAMHU JIsl BUKOPHCTAHHS, TO CHPUSIOTH TOETHATH
MIKUTBHY XIMIIO 3 CyYaCHUMU JIOCSTHEHHSAMHU BUYEHUX-XIMIKIB.

CrangapTHUMH 337ayaMd 3 OpraHiuHOl XiMii MOXXHA BBa)XaTh CHUHTE3
pPEUYOBMHM (HANPHUKIAJ, BIJIOMOIO JIKApChKOro IMpenapark abdo MOJEIbHOI
CIIOJIYKH YM 1H.), SIKMM CKJIaJaeThbesl 3 JeKUIbKoX eTariB (10 8-10). [Ipu upomy
BCl MPOMDKHI MPOAYKTH 3amM@poBaHi. 3a3HAYMMO, WIIO YUM OLIbLIe
MIPOTOHOBAH1 PEaKIii BUXOJATh 3a MEXI1 IMIKUIbHOI MPOrpamMu, TO B YMOBY
JIOJIAI0ThCSL KUIBKICHI JIaHI PO MPOMIKHI CHOJYKH, a0U YYaCHUKU MOTJIH
BIITBOPUTH Xia AyMoK. OTKe, 3a TaKOro MIAXOJy B 3a/1auyl BUKOPUCTOBYETHCSA
1HyKTUBHA JIOTIKA.

[HmuM THUTIOM 3aBAaHb 3 OpPraHIvHOI XiMii € SKICHUM aHali3 HEeB1JIOMOi
PEUYOBHHM 3a HaOOPOM pI3HUX XapaKTEPHHUX SIKICHUX PEAKUINA Ta MEPETBOPEHb
MOITYKy (opMyJu 11i€1 peyoBUHU. TyT TaKOX CTalOTh Yy HAroAl JAEsKi KIJIbKICHI
xapaktepuctuku. J[Jis po3B’s3aHHS Takoi 3a7adl BXXe HEOOXiJaHA JETyKTUBHA
JIOTIKA.

Takox, Ha HalTy TyMKY, MOKHA BUIUIMTH TPETIN TUII 3a7a4, /i€ 32 TaHUMH
(GI3UYHUX METOJIB MOTPIOHO PO3PI3HUTH PI3HI XIMIYHI PEUOBUHMU YU HABIAKU
CIIBBIJTHECTH 31 CIIEKTPaMH B)KE€ BiJJOMi1 pEUOBHHHU.

be3 cymHiBy, 3amaui 3 opraniunoi ximii Ha |V erami Bceykpaincbkoi
OJIIMITIAIA MOXYTh OyTH KOMOIHOBAaHMMHM YW TMOJITEMaTUYHUMH, Yepe3
MOETHAHHS €NIeMEHTIB (Pi3uyHOI XiMii (TepMOJIUHAMIYHI, KIHETHYHI MMapaMeTpH,
KOHCTAHTHM pIBHOBAr TONIO) Ta IHIMIMX XIMIYHMX HayK. Taki 3amadi
BIJIMOBIIat0Th MixkHapogHOoMY piBHIO. Lle 3acBiguyeThecst TuM, 1o npuzepu |V
etarry BceykpaiHChbKO1 oJliMITia I, K1 CTal0Th yYaCHUKAMH HaIlo1 HaIllOHAJIbHO1
KOMaHJIM, N00pe CHOpaBJISIOTBCA 3 TaKUMH 3a7adyaMd Ha MiKHapOIHUX
omimmiagax. Hampuxman B 2008 porri Hammi yuHi oTpuMaiu B cepeqabomy 87 %
oanis [1; 3], a B 2009 — 84% Bing MakcuMaabHO MOXJIUBOTO [1; 4] mo opraHiuHii
XiMii.

Sk npaBuiio, B 3a71a4ax 3 OpraHiyHOI XIMii € TAKOXK:

® 10/IATKOB1 3aBJIaHHS BIAKpUTOro THiy («Ha Bamry gymky um Oyne ..... 7» 1
T. 1), TII0 JTO3BOJISIE IEPEBIPUTU KPEATUBHICTh MIPKyBaHHS y4UHSI,



eIIMTAHHS, HA SKE€ MOYKHA BIAIOBICTH 0€3 BHUKOHAHHS T'OJOBHOI YaCTHHH
3a/1a4i, 1 OTPUMATH TEBHUM «BTIITHUI» Oay, 0 BaXKIWBO JJII MOTHBAIli
IIKOJISIPIB;

®3aBJaHHS 3 ICTOPUYHUM 3MiCTOM TOIIIO.

Taxkum 9rHOM, TIPOBENICHE JOCTIIKEHHS MTOKA3ye, M0 XIMIUHI OJIMITIa N €
BOXJIMBAM UYMHHHKOM PO3yMOBOTO PO3BUTKY IIKOJspa, a TMPU3EPU Ta
nepeMoxIl BeeykpalHChbKUX OiMITia]l YCHIIIHO peai3yloTh cebe sIK HayKOBIIl B
MOJAJIBIIN JISIBHOCTI. BHABIEHO TaKOX ekl OCOOJMBOCTI OJIIMITIAIHUX
3a]1a4 3 OpPraHiyHol XiMii (3a CKJIaHICTIO, 3MICTOM, MI3HABAJILHUM XapaKTEepOM).
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