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지시사항

• 펜으로만쓰시오. 프로그램불가능한계산기만사용하시오.
• 이이론시험지는지시사항을제외하고 63 페이지이다.
• 이시험은 9문제로이루어져있다.
• 시험시간은 5 시간이다.
• 시작하라는명령이떨어지면시작하시오.
• 모든결과는답안지의지정된영역에적절한상자안에펜으로써야한다. 연습지가필요하면시험지의뒷면을사용
하시오. 답안상자밖에쓰인답은채점하지않는다는것을명심하시오.
• 필요한경우적절한상자에관계되는계산을적으시오. 풀이가있어야정답에대해만점을줄수있다.
• 시험감독관은끝나기 30분전에공지한다.
• 시험을중지하라는말을들으면즉시멈추어야한다. 멈추지않으면시험에서실격한다.
• 번역이불분명한경우이시험의공식영어버전을요청하여볼수있다.

• 허락없이는시험장소를떠날수없다. 도움이필요한경우 (계산기고장, 화장실사용등)손을들고감독자가올때
까지기다리시오.

행운을빕니다!



Theory IChO 2020

G0-2
Korean (Korea)

문제와배점정보

문제번호 제목 배점 총점의%
1 터키의두아름다움: 밴고양이와앙카라고양이 24 8
2 반응성중간체 (Reactive Intermediate) 의이야기 77 10
3 (±)-코에루레신 (Coerulescine) 51 8
4 중요한대칭성 (Symmetry)! 66 10
5 코니아,당근, 베타-카로틴,비타민 A, 면역체계,시각 100 14
6 항성간여행을통한열역학 80 12
7 프탈로사이아닌 85 12
8 붕소화합물과수소저장 58 14
9 중금속이온의정량분석 100 12

합계 641 100
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상수및공식

아보가드로수 𝑁𝐴 = 6.0221 × 1023mol−1

볼츠만상수 𝑘𝐵 = 1.3807 × 10−23JK−1

기체상수 𝑅 = 8.3145 JK−1mol−1 = 0.08205 atm LK−1mol−1

광속 𝑐 = 2.9979 × 108ms−1

플랑크상수 ℎ = 6.6261 × 10−34Js
패러데이상수 𝐹 = 9.6485 × 104 Cmol−1

전자의질량 𝑚𝑒 = 9.1093 × 10−31 kg
표준압력 𝑃 = 1 bar = 105 Pa
대기압 𝑃𝑎𝑡𝑚 = 1.01325 × 105 Pa = 760mmHg = 760 torr
섭씨 0도 273.15 K
1피코미터 (pm) 10−12m; 1 Å = 10−10m
1나노미터 (nm) 10−9m

1 eV = 1.6021 × 10−19 J
1 cal = 4.184 J
1 amu = 1.6605 × 10−27 kg

기본전하 1.6021 × 10−19 C
이상기체방정식 𝑃𝑉 = 𝑛𝑅𝑇
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상수및공식

엔탈피 𝐻 = 𝑈 + 𝑃𝑉
깁스자유에너지 𝐺 = 𝐻 − 𝑇 𝑆

Δ𝑟𝐺 = Δ𝐺0 + 𝑅𝑇 𝑙𝑛𝑄
Δ𝑟𝐺0 = −𝑅𝑇 ln𝐾 = −𝑛𝐹𝐸0

𝑐𝑒𝑙𝑙
엔트로피변화 Δ𝑆 = 𝑞𝑟𝑒𝑣

𝑇 , 여기서 𝑞𝑟𝑒𝑣는가역과정의열이다.
엔트로피변화 Δ𝑆 = 𝑛𝑅 ln 𝑣2𝑣1

(이상기체의등온팽창에대해서)
네른스트방정식 𝐸 = 𝐸0 + 𝑅𝑇

𝑛𝐹 ln 𝐶𝑜𝑥𝑖𝑑𝑎𝑡𝑖𝑜𝑛
𝐶𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛

광자의에너지 𝐸 = ℎ𝑐
𝜆

적분속도식
0차 [𝐴] = [𝐴]0 − 𝑘𝑡
1 차 ln [𝐴] = ln [𝐴]0 − 𝑘𝑡
2 차 1

[𝐴] = 1
[𝐴]0

+ 𝑘𝑡
아레니우스식 𝑘 = 𝐴𝑒−𝐸𝑎/𝑅𝑇

선형검정곡선의식 𝑦 = 𝑚𝑥 + 𝑛
람베르트-비어식 𝐴 = 𝜀𝑙𝑐
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원소의주기율표
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Typical Coupling Constants

geminal
2J = 0 Hz

(homotopic hydrogens)

geminal
2J = 2‒15 Hz

(diastereotopic hydrogens)

vicinal
3J = 6‒8 Hz

vicinal
3J = 2‒12 Hz

(depends on dihedral angle)

cis
3J = 7‒12 Hz

trans
3J = 12‒18 Hz

geminal
2J = 0.5‒3 Hz

allylic
3J = 3‒11 Hz

(depends on dihedral angle)

3J = 6‒9 Hz (ortho)
4J = 1‒3 Hz (meta)
5J = 0‒1 Hz (para)
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IR Absorption Frequency Table

Functional Group Type of Vibration Absorption Frequency
Region (cm–1)

Intensity

Alcohol

O‒H (stretch, H-bonded) 3600‒3200 strong, broad
(stretch, free) 3700‒3500 strong, sharp

C‒O (stretch) 1150‒1050 strong
Alkane

C‒H stretch 3000‒2850 strong
bending 1480‒1350 variable

Alkene

=C‒H stretch 3100‒3010 medium
bending 1000‒675 strong

C=C stretch 1680‒1620 variable
Alkyl Halide
C‒F stretch 1400‒1000 strong
C‒Cl stretch 800‒600 strong
C‒Br stretch 600‒500 strong
C‒I stretch 500 strong
Alkyne
C‒H stretch 3300 strong, sharp
C≡C stretch 2260‒2100 variable, not present in

symmetrical alkynes
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IR Absorption Frequency Table

Amine
N‒H stretch 3500‒3300 medium (primary

amines have two
bands; secondary
amines have one
band, often very weak)

C‒N stretch 1360‒1080 medium-weak
N‒H bending 1600 medium
Aromatic
C‒H stretch 3100‒3000 medium
C=C stretch 1600‒1400 medium-weak, multi-

ple bands
Carbonyl
C=O stretch 1820‒1670 strong
Acid
C=O stretch 1725‒1700 strong
O‒H stretch 3300‒2500 strong, very broad
C‒O stretch 1320‒1210 strong
Aldehyde
C=O stretch 1740‒1720 strong
C‒H stretch 2850‒2820& 2750‒2720 medium, two peaks
Amide
C=O stretch 1690‒1640 strong

N‒H stretch 3500‒3100 unsubstituted have
two bands

bending 1640‒1550
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IR Absorption Frequency Table

Anhydride
C=O stretch 1830‒1800& 1775‒1740 two bands
Ester
C=O stretch 1750‒1735 strong
C‒O stretch 1300‒1000 two bands or more
Ketone
acyclic stretch 1725‒1705 strong

cyclic

stretch 3-membered - 1850 strong
stretch 4-membered - 1780 strong
stretch 5-membered - 1745 strong
stretch 6-membered - 1715 strong
stretch 7-membered - 1705 strong

𝛼, 𝛽-unsaturated stretch 1685‒1665 strong
conjugation moves absorptions to lower wavenumbers

aryl ketone stretch 1700‒1680 strong
Ether
C‒O stretch 1300‒1000 (1150‒1070) strong
Nitrile
C≡N stretch 2260‒2210 medium
Nitro
N‒O stretch 1560‒1515& 1385-1345 strong, two bands


