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Q1. For example, '*C has atomic weight (a) and atomic number (b). Hence it has (b) protons (atomic
number = (b)) and (c) neutrons. Since the mass and the number of protons are both even numbers, the
result predicts that the net spin quantum number of '°C is zero, denoting no spin. On the other hand, for
13C, the atomic weight is (d), an odd numbers and the neutron number is (¢), an odd number. So, NMR
can detect @C, and although “@C represents only 1.1 % of the total C present in an organic molecule, @C

NMR spectra are very valuable in elucidating the structure of organic molecules.

Q2. Crystals consist of atoms, ions or molecules arranged in a regular, repeating 3D pattern, called a
crystal lattice. This knowledge came from the pioneering work of German physicist M. L. Laue and the
British physicist, W. H. Bragg and W. L. Bragg.

As shown in Figure 1, X-ray waves I and II are parallel. The extra distance traveled by wave Il in
traveling through the crystal is AB + (f). For diffraction to occur it is necessary that this distance be a
whole number of wavelengths, »; that is,

the extra distance AB + () = n)

(where A is the wavelength of X-ray.)

But, AB + (f) = 2AB

and AB=DB(g)¢

where €1is the angle of the incident of the X-ray beam with the crystal: therefore

AB = (h)()6

where (h) is the distance between the crystal planes, called the interplanar distance.

Therefore, AB + BC = (1)AB = (i)(h)(g)#

or nk = (1)(h)(g) 8

The equation nA = (i)(h)(g)0 is known as the (j) equation. The important result of the this equation is that at
I

any particular angle of incidence 6, only X-rays of a particular
wavelength fulfill the requirement of staying in phase and
being reinforced, and are therefore diffracted by the crystal.
Diffraction of X-rays by crystals forms the basis of XRD for

crystal structure determination and is also the reason XRF Crystal planes

spectrometry is possible. Figure 1. Diffraction of X-rays by crystal planes

BE#R AT T il p.1



XH#R(I R X#R), HEF, RHAEXKE A—C1BEFOREREE "HEAVT” HALGEL,

#%> 7 J $84K((a) KsFe(CN)s, (b) KsFe(CN)e - 3H,0)D XANES A R4 kJL(HFEP129 K 5-38 M5

DR EERIZR Lz, CO#Y 7/ #EEOH%

A #F 20K RIEEASEIZIE, 1s—3d BFEHIC

EI3CE—ST(A AL, AMPBERINS, UTD

BWCZEZBE I,

(7) MsttRk(a R U b)D Fe @ 3d BN EFERE
B LR LN, A, XANES BIFERINEF

(b)K ,Fe(CN), * 3H,0

(a) K;Fe(CN),

EEE’C‘%% - é:o 7,110 7.;20 7.‘130 7.;40 7.;50 7,T 4.;70 7.;&)
E(eV)
(€) &5 5 DskHA ESR HIZ <%t L TR AL S G G e

(N. Kosugi, T. Yokoyama and H. Kuroda, Chem. Phys., 104, 449(1986) * V)

NeBEZ, TOEBZHALG S,

W X AT EDEEMTICIE, BEBEEAAVONS, BNTEDREL X FRENDKRER
ML, RNRARNOEEZRETLIFIEEZLS, L . - w .
ML, BT LEBRERVERICASHENI LB D, | —(a)Cr
Zhix XRF 0% b v ZBBEGIA, RINGHER)E O —#-(b) Ni
S. BRI, #HFe)EEHRD ET H AT > L ZHHSUS) -#-(c) Co
D RITTR(Cr, Co, N) &Y X AWML YRIE L=
fERERT, (a) SUS(Fe)H D Cr (E LI DERER(IE DR _
%), (b) SUSFe)m D Ni IERICHOBRIR(BDRE) LR | |
Y, ERHLSHANE, B X BOREREGHIZE, K
W”Eﬁﬁﬁc‘: K %ﬁ@%ﬁ{%)&ﬁé‘i Z, ‘ I I Corllcentlration‘/ % { I

(7) ()DIBMZEHEA LB I L,

(1) DDEBRZEHBA LGS,

Intensity

F08 ER % 600 MHz &, *C(BE K EEaEL v = 6.72 % 10° radian-sec™'- gauss™") D HL BB 15 D 38 B (gauss)
EEHLASIL, ZOOIRILF—ZEADIK, T EHEL HKEFREE v, HNEBHSORS
% Ho, WSEEstbE v ET5E, RAXTRIND, CBEYHFEERT D L)

AE=hv =h2-Ho
2T

BE#R AT TI_ AR p.2



KD 7T I K—ILJ(Aldol Reaction) [T DWTLUTORIWZBE AT S L, H, BB TEDKRTEKL
TWET,

1) A A LTWRAR(HIEFE, REV-REVAY S o] OH o©
VU TI2&>T, 4 Elquartet)2HRT B, 4FIH 2 H3C)k|'| - > H CU\H
HILEHEHBALGSL, (BA a0, B-REY) I\ : ?3

0) B c#E&ELTWBAKER(HIE, REV-REVAY S Acetaldehyde 3-hydroxybutanal
Y FI2koT, MEIZDBTINEZRES, Scheme. Aldol Reaction

N) ABLUBOREC)IE, AEY-REYHY T >4 (Spin-Spin Coupling)iiIz &> T, fAIEIC
DHETDHABEENH DN EBNG LN,

=) BC-NMR Tl%, REV-ZREYHY T U7 EEiTHAEL COM(Complete proton decoupling) (= &
SAEN—MBHTHD, TOEHZ DLUE)EHBPLAEIL,

R) LATRIZIE, 3-hydroxybutanal @ D,0 ;{8 To COM jxI2 &% 'H-NMR & C-NMR %R L 7=,
H-NMR [ZREV-REVHY TY U TRIZER LEBADARY bL, BC-NMR (& OFR AIZZE
BLESADEFNTNADARY MLENTREERKLIHE) LA S,

TH-NMR

ppPpm
| 13C-NMR
—7T1 ' T ‘* I ‘' 1 * T _‘* T * T1_ ‘" T *~ T ‘* T 7
200 160 120 80 40 @]
pPrm

HEER AT T kR p.3



