TEST OF CHEMISTRY

Department of Chemistry ft # F X

November 24,2009 (ERZ21 411 A 24 H) 9:00am.~11:00am.

General Directions (( B %= )

1. Answer all the problems in English or in Japanese. (§°~T
DOREICHEE £ I AARFE CTHRET L)

2 . Check the number of sheets. (LL T O RO 2 rERE X.)

Problem Sheets ([EIEFHK) 3K

Answer Sheets (f#Z& &) 3
3. Write your name and number on all three answer sheets. (3

KT _RCORERRICRA L ZERESZRLYE,)




(1) Answer the following problems (a) — (c). LA FDRf(a) ~ IZ&F X Lo )

(a) Although the nuclear charge of beryllium is larger than that of lithium, the electron affinity
of beryllium is much smaller than that of lithium. Explain the reason. (U U U AR-F
DB, VFUVLARFOEERI YV REVIZH20D6TY, EFRMAEAY
VT LDERNEN, BEHZHEATE L)

(b) Draw the stereochemical structure of the SF, molecule. Give an explanation. (SF,%F®
VHEEERRE, THOBXEBEHEHRAT L)

(c) List the bases F~, 17, and NH, ™ in the order of increasing proton affinity (using the
inequality sign (<)). Give an explanation. (F™,17 & NH, ™ /22T, Fu b
BfMEDIEZE*RES () 2E-TER, £H>EX-EBEREUAT L)



(II) Answer the following problems (a) and (b). (LA TFDR(a) & MIZE X &Ko)

(a) Answer the following problems on first-order consecutive reactions involving two steps: (2
BYEH B 722 AR 1 IRRSIZB L TROMIZE R L)

k
A —- B n

ky
B — C 2,

where k; and k, are the rate constants for step (1) and (2), respectively. Assume that the
initial concentration of A at ¢ = 0 is [A(0)] and those of B, C at ¢ = 0 are [B(0)] = [C(0)] = 0.

(ZZTh & hiTERENAT v 7)) EQDRIGEEER TH 5. A DHHREZ
[A(0)], B, C DFIHARE%[B0)]=[CO)]=0&7F5,)

(i) Show the differential equations for the rates of change of the concentrations of A, B, and C.

(A, B, C DEEDOEMEIL 2R T B FEXETE,)

(ii ) Applying the steady-state approximation to the concentration of B, derive the concentration
of C as a function of . (B DI IZEFIREELLIZ AV, COBEDORKMELEERT
KERD L)

(iii) Specify the rate-determining step in the above case (il ) and explain your answer. (RCi)

DBE, EbbDRT v IREEEMED, BEL L HITTE,)

(b) Answer the following problems. (LA FDRIZE % X,)

(i) Predict the relative magnitudes of the molecular dipole moments for the following methyl
halides: CH4Br, CH5ClI, and CHal. Explain your answer. (R D/~ 1 57" Ak 2 F )V (CH3Br,
CH4Cl, CHal) OFURFE— A > FOEXRIRKE T 2 TR &, BHZHATL,)

(i) The dipole moment of chlorobenzene is 5.2 X 10*® C m. Draw the structure of
1,3-dichlorobenzene and show the resultant dipole moment by vectorial addition of two
chlorobenzene dipole moments. Estimate the dipole moment of 1,3-dichlorobenzene. (7=
R DOPREFE—A Y MMES52x10°Cm THD, 1,3-Y 7 XEro
SFBEIIANZ MVAEPLBLNAPBTFE— AV MR, 1,3-V7mr~y
B OPEFE—A v P EHERET L)



() Answer the following problems (a) and (b). CLToOR@EOIZEZ L),

(a) Draw the structural formulas of the major product in each of the following reactions

1) -(6). ROEIGEA)~OGIITR LIERISDEERYOEEE L)
CH;,

: NaBH, KMnO4
(1) 5 @) N
° CH3OH © H,0

o) 1) CHzMgBr o 1) Li(CH3),Cu

2) H,O* 2) H,0*
@3) ij s - @) ij ) .

O
O O NaOCH
(5) )]\/U\ + Q 3 6) @ +
H,CO OCH; X CH3OH
O

(b) Indicate which of the nitrogen atoms, N' or N2, in compound 1 is more basic than the other.
Explain the reason. (&% 1 DZEREF N' L EREF N° 0 5 bEEMEIRVOILE
Lo, £HIEXEBL LEHIZEZ L)
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