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General Directions (i & F IH)

1. Answer all problems in English or in Japanese. (T @ﬁ:ﬁ
BRI /- IT B AGE CHEE L)
9. Check the number of sheets. (UL T AREOBEZ HERE L)
Problem Sheets (FREAI#K) 41

Answer Sheets (f2%2 FA#%) 3 K




(1) Answer the following problems (a) — (c). GR Df(a) ~ )& X &Ko )

(a) The table below shows first ionization energies of the second period elements, which in general
increase with the atomic number. Suggest a reason for the irregularity exhibited by N and O. (F
DEIE_FAHMOTEDE—A A AL FAX—T, —RIZFEFET L L HITHMT 5,

N & O TR’ TTRELHAT L. )

Elements First ionization energies
(eV)

8.30

11.26

14.53

13.61

17.42

MmMo(Z|0|®

(b) Name the complexes (i) and (ii) and count the number of the total valence electrons around each
metal center. (i) Cis-[PtClo(NH3)2] and (ii) [Ni(CO)a(py)]- (py = pyridine) ( (1), (i) DSEEE M4
L, &BHRLEDY ORBEEFEZEX L. y= EU V)

(c) Draw the shapes of (i) H2Se, (ii) P2Ha, and (iii) HsO", using Lewis structures and the VSEPR
model. (Lewis #&3& 35 X 18 VSEPR il % AV VT(@) ~ (i) DILAB DR F £ 7213 A AV DRE

HiEa T, )




(II] Read the following sentences and answer the problems (a) — (d). (RO X & &EH, [E(a) ~ (d)

W&z L)

The electron configuration of a carbon atom in the ground electronic state is 1522522p112p,,'. This
expression seems to imply that carbon should be divalent instead of , and does not lead to the
tetrahedral bonding in methane and other hydrocarbons. The of carbon is explained by the
of one of the 2s electrons to the 2p, orbital, giving an electron configuration of 1522512p,‘12py12p,1 .
This configuration gives four singly occupied orbitals so that the carbon atom becomes . The
hydrocarbon molecules have various structures by forming the bonds between the orbitals

constructed by appropriate linear combinations of the singly occupied orbitals of the carbon atoms

and the 1s orbitals of the hydrogen atoms. Acetylene has the linear structure, ethylene has the planar

structure, and methane has the tetrahedral structure.

(a) Insert appropriate words in , and , respectively.
([A], [B].[C] #hEnich TTE2ELRBNEEFT, )

(b) In the underlined sentence, how are the constructed atomic orbitals called ?
(FRERD X 512 UTHE S 7= BT & FRENR 2 D% )

(c) In ethylene, a carbon atom forms a double bond with the other carbon atom, and forms two single

bonds with two hydrogen atoms. As seen in Figure 1, three of the four bonds are in the x—z plane
and each bond angle is approximately 120°. The three orbitals of the carbon atom are expressed as,
(=F Ly ORER, BORELE 2 BR/EAE/EY, 722 SOKRLERFEEMS, 32
DEEAIEFE UEERICH Y BEWVIZ 120°DAEEZ b, RRO 3 DOBBILTORT

FEND, ) 3
yy=as+bp. , H v, ' .
w, =as+b(p,sind+p_cos), 6 7 /
Wy =as+b(—p,sind+p_cosb). ¢ c
Here, 0= 120°, s refers to the 2s orbital, and p, and p,refer to \
the 2p orbitals. @ and b are the coefficients. Obtain the 4 Y,
coefficients a and b by knowing that these orbitals are normalized Figure 1

and orthogonal with each other. (Z Z T 8 1% 120% s, ps, P: X ENENRED 2s BIE, 2p B
ETHY, a b BEEETHD, ThENOHESER - EXRLESh TV I LEE-
T8 a, bERDEL, )



(d) The tetrahedral structure of methane is shown in Figure 2. Here, the carbon is located in the

middle of the cube and four hydrogen atoms are located at the corners. We can obtain the
H(1)-C-H(2) bond angle from this figure. We let the coordinates of the middle carbon,
H(1), and H(2) be (0,0,0), (-1,-1,1), and (1,1,1), respectively in Cartesian coordinates. Obtain the
cosine of the H(1)-C-H(2) bond angle.
(A % v OENEEEER R 2 1OF Lz, REELFEOFLIMEL, AFiEr I
BLTWB, ZOREE,, HI)-C-HQ) EAEROH LN TES, FLRKREC, K
% H(), HQ)DEE L £nFh, (0,0,0), (-1,-1,1), (1,1,1)& LTH1)-C-H(2) BEADER
ZERD X, )

H(1)

H(2

H(4)

H(3)

Figure 2



(HI) Answer the following problems (a) and (b). (R DR(a) & GIZE X Lo )

(a) Which of the following two anilines do you expect to be more basic? Explain your answer.
KD 2 H>OT7 =Y VHEEED S L, HEMERKEVOIRXELLH, ik, #EED
NH, NH,

NO,

(b) Give the structures of the major organic' products (1, 2, 3) expected in the following reactions.
For the reactions (i) and (ii), propose each mechanism with an arrow formalism . &
PRISICBIT 2 TARY (E#EAY) (1,23 OlEEEE, TOR, (i ), (i)
CELTHE, FSEErETOBERbrs L 5 ICRE(T ) THEFRE L)

(i) O
1) CH3CH20N8 1
CH3CH20\H/\/\/“\OCH20H3
2) H;O* CgH1203

0]

(i) HiC CHj; H,O* 2
H3C CH3 C6H120
HO OH
OCHs

(iii) Li, NH3 3

C7H100

CH,CH,OH




