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General Directions ({7 & % IH)

1. Answer all the problems in English or in Japanese.

(T T OREICHFE £ 7213 HAGE TIREE X.)

2. Check the number of sheets. (UL T @ B O A WeadH X.)

Problem Sheets (55 %) 3 K
Answer Sheets (fi#Z F#%) 3 K

3.  Write your name and examinee’s number on all three answer sheets.
BT X CTOMERMRICKRA & ZHRE S E2FeE,)




(1] Answer the following problems (a) and (b). (UL F DRIV @) & (b)IZE % K.)

(a) Answer the following problems (i )and (i ). (BAFORW(i)E(i)ZEx L)

(1) Assuming that the valence shell electron pair repulsion (VSEPR) model can be applied to
each of the following ions or molecules, predict and draw each of their possible
three-dimensional structures. Lone-pair electrons should be located if they are present.

(Rl 7% ET /L (VSEPR BT V) MLLTFOA A2 7135 1Tk L
THEATED LRE LT, TNENOSLEMEE ZHEE LT, ILNZE - Gft
HETXD) BhVUX, ZABRITNZ &L,)

(1) NO,~ (2) SO (3) CIF, (4) BrF

(ii ) Rationalize the fact that at 298 K and in solution the **F-NMR spectrum of SF, exhibits
one signal but that at 175 K, two triplet signals are observed.
(298 K TIHIEHEH D SF, D BF-NMR 222 b U, —D0D 3 7 F I ZR$ M,
175 K TliZ oo triplet ¥ 7 F AN BHI SN D Z & 2t HE L,)

(b) In each of the following complexes, the d-electron state (low- or high-spin) is given after the
formula. Answer the following problems ( i )—(iii).
(LLFoskkD d ERiE RAEElidmA YY) by Riaor Lz, L
TORW(L)~(Gi)cEz L)

(1) [Fe(ox)5]>~ (high-spin) (2) [Co(0x)]>~ (low-spin)
3 [Co(CN)6]4_ (low-spin) 4 [Co(phen)3]2+ (high-spin)
(5) [Fe(phen),]** (low-spin) (6) [CoFg]*™ (high-spin)

ox?” = (CO0),%", phen = 1,10-phenanthroline

(1) Answer the number of the d-electrons of the metal center in each of the above complexes
1)—(6).
EERQ)~6)DHEEEDO d BETEEE 2 K.)

(i) For each of the above complexes (1)—(6), answer the number of the unpaired electrons.
FEARQ)~@) DA EF A E 2 X

(iii) Place the following ligands 1 —@ in order of increasing the crystal-field strength, and
rationalize the order on the basis of the d-electron configuration of the complexes (1) —(6).
(LT OB F-DO~@DZ A da S 03 K& < 2 DNAICE~, $5R1)~(6)D d EFAlE
ZHLONWTED LI RIAFFL 722 Z L &2miiE &,)
D ox?*” @ CN~ @ phen @ F~



(II] Answer the following problems (i )and (ii). (L FORIWV(1)&E(D)IEZ XK.)

(1) The Nobel Prize in Chemistry 2013 was awarded jointly to Martin Karplus, Michael Levitt
and Arieh Warshel for the development of multiscale models for complex chemical systems.
(2013 -/ — AL H I, BHEZ AL TSR 2 B0 9 720 D FIEDBAFEITHK L T,
Martin Karplus, Michael Levitt, Arieh Warshel (25 -2 5 4172,)

What does “multiscale” mean in the above statement? Explain the meaning by giving an

example.
(EoFEDOF O“multiscale”iX, (% BT 50, a2 CRlw X,)

(i) Answer the following problems on H,O and HzO".
(K3 FIZBIT 2 LT ORIWIZE 2 K.)

(1) Draw the structure of H,O. Which point group does HO belong to? List the symmetry
elements of the point group and locate them in the structure.
(HO O Z 4T, HO X EDRBEZIRT D0, & ORBEOXFRER % 5%
L, 6 2HEIRE,)

(2) Draw the structure of H3;O*. Which point group does HsO* belong to? List the
symmetry elements of the point group and locate them in the structure.
(HsO* DA 2 Hi1 T, HsONE E D MEECIE T 50y, T O RBEOXFRER % 5%
L, £N5ZMEICRYE,)

(3) How does the O—H stretching vibrational frequency of H>O change upon the hydrogen

bond formation?
(HO @ O-H fiffEiREE L, KEMAEHKIZELY, EDLHITEILT D)

(4) Draw the structure of mono-hydrated H;O", i.e., a complex of H;O* and H20.
(HsO*® L KFE (F720 5, HsOt e HO OEAR) OREEEHET,)



(1) Answer the following problems (i) and (ii). (L FORIV(1) & (DB Z K.)

(1) Which of the following two phenols do you expect to be more acidic? Explain your
answer.
WRKDOZDODT x ) —NFHERD S L, BEERRZNDOIZEL LD, £/, HH
bt &)
OH OH

NO,

(i) Draw the structural formulas of the major products or intermediate 1-7 in the following
reactions (a) — (e), including all aspects of their stereochemistry.
(LA T OIS @)~ () D EAM E 72 13 MK 1~7 OfEE 2 SR b FERn b b £ 9
ZHETS)

(a)
H (;—_\/CH3 HBr 1 product
2 (intermediate) |~ > 2
CH,
®) CH; o
. aH OH product
Br{ —_— 3
CH,CHj
NO,
c
© Bry product
FeBrs
CHj
(d) @)
NH,OH product
—_—
5
O
© CO,CH,CH, ®
1) NaOCH,CHg product HgO  product
> — > 7
2) PhCH,Br 6  heat



