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Abstract

A theory of nuclear magnetic double resonanre was developed in the present paper
with the time-dependent Schrddinger equation in a form convenient for digital computa-
tion. It was shown that the two signals can arise by transition between the two states.

A computer programme “NMDR” based on the theory was written. The flow chart
of this programme is given in Fig. 1 in the text. The programme NMDR is available
for double resonance spectra of the all types of spin systems up to six spins having I=
1/2. This programme was applied to the calculation of the double resonance spectrum
of 3-methyl-pyrrole and shown to be of high utility. The observed and calculated spectra
of the N-H proton of 3-methyl-pyrrole are given in Fig. 2, in which the "N nucleus and
methyl protons were decoupled and the 5th proton was perturbed. The theoretical spec-
trum (b) is in good agreement with the observed spectrum (a).
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Hicx, EBO=Zo0RARBCERE TS LIRHS T, T aAF - HO EE (1) o
SR P, BT FZAF —EEMC T D HUBOEL (2 ORE) 1o EbLLr—2FHHT 5,
724, INDOR (internuclear double resonance) zZ-X%7 b+ DR Tk G OO H
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DESRELTECTS, B)RNTEHELLNDIEHRD 5 b, Forsén FDHIIBDO T v 75
LW CRIED L7 F A LER LT, ERoBE, 83) RSz X, Kk 27X (2*—1) K
THB, LvL, HLOBE, AD LY F ADOMETBED TMNEWD,

B4 fRHE NMR DR324 < D4, BMEH X D bSO~ TRE > T D, &
DEE, —EIREDOZY FATE, TRTOLEHRIELVRIELYS D, Lrl, ZEHET
I, fa OB OBIBI R D, MBS EVIREEL WY, OB ONR
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P —tE BT A BB OIS AR E T S & C o )
LS THEL <, AX Rie oW ToZFHE I T l
BB E Y, Whiffen 0o 45 41 T, ##
WERICHE 5 Fr OB LREOKESICHALTY S / pt e et
LEE LT B, Thbb, m—k OEBIC X B !
52 O MR IS VL [ Fhmm— Frerl THEZ BB EL \ Ctaaion: 11|
B, UL, BEASEIC By 0RO K E S !
Kk%bfuéﬁaﬁﬁmmﬂfm&v Pn—— Prendiaion: (HU= |
DTu TG AT, TRTOMEZELIE T l
By XD X5 Tl a2 - Th, %i%ﬁ’%é-)ﬂ%*{“ﬁj\ I I Culeuladion s Z, £, wk and Tk [
FHTESD = L vbhoten b ThH B, |

0 L L fo— St FORTRAN o7 75 L (oo s s it b i |
& “NMDR” ©7 v —5 + — % Fig. 1 ©m$, & ]

Write the Speetrum

Output :
N-Y Plotter

TaFSTATLST, ACUEFHLZ 620 %
FTCOEEDORDOHTHIEARYS P ALBFIETE S,
BT CodUERICR LC—HFE L, 7o 2MHK

by

Bem— Lo Y BEEOT o w RIRE S LT D
EF BT ENTED, 70 —F 5 — P OPTIORS Fig. 1. Flow chart of the programme

PRIE AR5 0 & 5, NMDR.

4. HEH 3-AFNLER—I

KIS AC Lo THE LI —2D08E LT, 3-xF A0 — O HEIE T M LE
7

24~k JEOL C-60HL (60 MHz) # T, (24£05)°C iR CHElIE X 7z, HIER
FTNCRHEBEBE, 4 42—FAny 2y TiThhi, EHL Lancaster Z£0 W &L,
279 mg/05 mé DPWETE 7 2 F VICHEM L THV I, AMEER Ko » -7 v 730 E LT TMS
AT,

3-xFao DO N-H 7o o (1H e )i, "N Z2MEBHEMO DI §E
FEEM AL 22 &, BIOUNE L N-H 70 b OB KER AL HEND DT EDIDIT
WD TIIEDOKRE L FF A ERBES, LicdiosT, N-H o brovsFrriizsiilh
M, 7, A UCHHBREL-C EXRFAVZH B HDO L 7+ L DRIELESIKEL 5,
Zhoo YN ZoEhy, "N BEoKBEEEY b - cluS OAERECL-T, ok
UNoMO2 o &AM bEb 2 & (Foy 7Y 7, decoupling) X W R 2 & TE
79, B2 FAC0 —ABE A FAFEDO T P URBE T P EACLEALET- AR TH
b, i Y EMEARY AR E R BN, FoTARY P AREELT Bdi, N BT ing
TAFAEEFHy FALTAAECRELTHLERE (HECIMERE) OERYT -
#-. Fig.2() i1, 5H ofksr 7 + (TMS 2% 393.05 Hz) 75 1.05 Hz 5 R684 (392.0 Hz %
0.2 m gauss (v,=0.85Hz) OF AW CBHE Lierd N-H o b (k307 1154234

Hz) %l Licd 0 TH D, FAED (D), (), (d), (&) dAE U HHEEM Jo & S D2, 4, SHED

AV EAER (EERET D) CHT 2N EE 2 THELLERARY PATH D, (b)
M@ DEIARYT AR I EoTbBnb, Jp & Ju DFBIZIETH 5,
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PYRROLE-3-CHjy

5H IRR. H CHs
{a) NH 0BS. /4 3\
392.0 0.2m6 HS 2H
1
N
H
o _
(b) Jiz + @ Jiz
Jia  + f | Jia +
J/\j |
(¢) diz — (e) Jiz +
Jig — Jis —

1 ! l
-~ 4 Hz—

Fig 2. 3-methyl-pyrrole spectra of the N~H proton in which the N nucleus
and methyl protons were decoupled and the 5 proton was purturbed.
The observed spectrum is (a). The frequency (ws/2z) and the power
(ve) of the 7f field purturbing the 5 proton were 392.0 Hz and 0.85 Hz
(0.2 mG), respectively. Calculated spectra are given as (b), (c), (d) and (e)
for the four different combinations for the signs of Ji and Jyy relative
to the coupling constants among the 2, 4 and 5 protons (assumed to be +).
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