TEST OF CHEMISTRY

Department of Chemistry it 2 HF X

December 7, 2006 ((FRE 184 12 A7 H) 9 : 00~11 : 00

General Directions ((x & % 18)

Answer all problems in English or in Japanese. (~T DR

BICEBE B ARETHEY L)

Check the number of sheets. (LT O MO E Z R &)
Problem Sheets (F#EA#) 3 £

Answer Sheets (f2Z B#) 3 ¥




(I) Answer the following problems (i) to (iii). (KO () — QD) 2B X K.)

(i) When standard deviations of observed quantities 4 and Bare &4 and 6 B,
respectively, express those of A+B, A XB, and A/B as a function of 4, B, § 4,
and 5B. (BIEMEA &L B OBERENENLENIALIBTHDH LS,
A+B, AXB, AIB DIBYERZER A, B, 64,6 B DB TERE,)

(i1) Which of NH; and H,O molecules is more basic toward Brensted acids and
Lewis acids ? Answer this question, giving the reason(s) for your answer.
(NH: E RO 3 F DO HLELONT VAT » RBEE VA ABRZXF LT
HEMEMNH D, BHE L HICEX L)

(iii) Predict qualitative structures of the following four molecules or ions on the basis
of the valence shell electron pair repulsion (VSEPR) theory, and draw each of their
possible three-dimensional structures schematically. Lone-pair electrons should be
located appropriately if they are present. (Jf-fliik&EFxf 3 (VSEPR) HiliZ
roT, RO4DOHFERRA AL OERNLRBELHEL, ThEh
OFRERMARE R RARYE L, EFH GEERAE ) BHhid, =
nHRICMmz X))

(a) C105', (b) BrFs, (c) XeOF,, (d) SF4



(1) Answer the following problems (a) and (b). (RDOM(a)& b)IIZZE Z X.)

(a) Answer the problems concerning the following molecules. (X D 75 F {2883 2 RijRa
B R &)
CH, H;0 cO; CO 0O

(i) What point group does each molecule belong to in the ground state? (LR
EBIZBWT, ENENOSFRERY D REXTH,)

(ii) Which of the molecules will absorb or emit light due to rotational energy
transitions and explain your answer. (ElERBBIC XIS T2 X 2RI E/-1L
BHTE S aFidEns, Bl L HEORE,)

(iii) Which of the molecules will absorb or emit light due to vibrational energy
transitions and explain your answer. (REIBBIZAIGT S E BRI E 7213
B TE D0 FIXEND, BB L ITRE,)

(b) Answer the following problems. (ROMBEIZER L.)

(i) The rotational energy transition from J = 3 toJ = 4 of HCI 15 observed at 83.2
cm™, where J is a rotational quantum number. Determine the rotational
constant B (cm™) from this value. (HCl D J =3 76 J =4 ~DOEEERIT
832 cm™ ThaH, 22T, JIINEEFETH S, [EHREKB (cm™ )%

K> L)

(i) The vibrational wavenumber of H; is 4.2 x 10’ cm™'. Predict that of D; from
this value, where an atomic weight 1s 1.0 for H and 2.0 for D, andv2 =14

(H, DEBOE L 42 x 10° ecm™ TH 5, D, DIEB OB HE TR L,
ZIZTC, HORT&E, 10, DOFETREIE 20T, V2=14L75,)



(1II) Answer the following problems (a) and (b). (KD (a) & (b)IZE X L),

(a) Which of the following two carboxylic acids do you expect to be more acidic?
Explain your answer. (KD 2 >0OANVA/BOI L, L HEMEEIKE
Wk YL B, £, BRHHRAT L)

CHeCOH  CFyCOH
O @)
(b) Which of the following two methods (i) and (ii) do you expect to be more useful

for preparation of (CH3)sCOCH;? Explain your answer. (IR 2 2D J5ik (i)
& (i) @5 b, (CHs):COCH: DERIZK WV ERRDITELLD, £z, &

b aHE L)

method (ii)

CH30® + (CH3)sCCl

method (i)
(CH3)sCO® + CHjl

(c) Give the structures (and stereochemistry, if necessary) of the major organic
products (1, 2) expected in each of the following reactions. Propose each

mechanism with an arrow formalism (7 ) . (ROKGITBT 5 FAERY
(HHLEW 1, 2) OEE2 (WENSIEIEIEED) i, O,
RS> E 0B EBxo»3 L 5ICKE (7 ) TRFAE L)

1. excess
CH3CH2MQBT 1

(1)
CO,CHsCHs
2. HgO" Cq1H220
(i1)
? )
ro
N 2

dy FeBr, C13H;oNOBr




