Problem Set - NMR 1V - corrections

Multiple spins systems

AX system

Calculate the coupling constant 'JC'P”’Se) to one decimal place, the chemical shift in Hz of phosphorus in molecules

containing ’Se, and this shift in ppm, to two decimal places.

1(a) 'JC'P"'Se)=760.6 Hz
1(b)  vp("’Se) =4415.6 Hz
1(c)  vp("’Se) =36.34 ppm

AB system

Question: The four lines of the *'P AB spectrum shown above are at
18906.223, 18679.424, 18280.477, 18053.680 Hz.
1. Calculate va, vg and Jap in Hz, all to one decimal place.
Jug=226.8 Hz; vy = 18479.95 Hz (152.1 ppm); dap = 583.20 Hz (4.80 ppm)
Va=Vm - 0ap/2 = 18188.35 Hz (149.70 ppm)
vg=Vm + O0ap/2 = 18771.55 Hz (154.50 ppm)

ABX system

Chemical shift of the AB systems
121.2;115.7 ; 108.1 ; 102.7 ; 99.3 ; 89.8 ; 86.3 ; 76.7

An ABX system will consists in two superimposed AB sub-spectra, with the same Jap
All you need to do is to find the two AB sub-spectra + and -

1. Find the value of °J,5 = 13.1 Hz

2. Solve the AB system for each quartet.

TN c. = (5+3)/2 = 103.7
Avg. =8.= / (7-1)(5-3) =175
c.+8/2= 103.7+8.76 = 112.5, 94.9
c, = (6+4)/2 = 96.25
—| Jng I~

—~| Jpg <t AVgps =04 = (8-2)(6-4) =22.43
c,t6,/2= 96.25+11.21 =107.5, 85.0
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At this stage, we know one of the bold lines is a,
RN T and the other b, but we do not know which is which.
2' I Ig | > Similarly for the thin lines.
e I8 |3
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3.

Compare the two solution you have found.

Solution 1

-1212
-115.7
—108.1
—102.7
—99.3
— 89.8
— 86.3
- 76.7

Jag I~

=5Hz

B =10.1 Hz

va = (112.5¢107.5)/2 = 110.0
v = (95.0+84.9)/2 = 90.0

§| Jax = 95.0-84.

| 3 Jax = 11251075

9

Solution 2

-1212
-1156.7
—108.1
—102.7
— 993
— 89.8
— 863
- 767

Jax =95.0-107.5
=-125Hz

Jgx = 112.5-84.9
=276 Hz

va = (107.5+95.0)/2 = 101.3
vg = (112.5+84.9)/12 = 98.7

4. Cite some arguments to choose between both. See Lecture slide 8-13

S.

The two lines having small intensity are combination lines and decrease in intensity as va-vg increases. Their

intensity is sin’(¢+-¢-) for an intensity of 1 for the external lines of the X system.

a. ¢+ and ¢- can be calculated from the formula sin’¢p = J/2C (see slide #54) In the solution below D =

C
Solution 1 Solution 2
TUOT o oo
2D, JaxtJex |=— 2D, +2D.—~I
20, | — — —| |~—2D, - 2D.
o OO O
s| o] 4 2 ONPNRY — = Jwctex
7| | s 3 1 15 14
12|11 folo 2 °
! o o 1110
Definition of 2D, and 2D_ 15 N S 14 | |
AB part I I
VX Vx

b. Give the calculated intensity of the two combinations lines considering the two solutions obtained

before and conclude.
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Solution 1
@, = 0.5arcsin(Jg/2D,)

= 0.5arcsin(13.0/26.0) = 15.0

@,. = 0.5arcsin

(
(
(Vae/2D.)
(

= 0.5arcsin(13.0/21.9) = 18.2

10 =i11 = cos¥(®q, - D)
= cos%(15.0 - 18.2) = 0.997
14 =15 = SIN*(®y, - D;)

= sin2(15.0 - 18.2) = 0.003

Solution 2
(I)2+ = (I)1+
=15.0
®, =90-0,.
=90-18.2=71.8

i1p = i11 = COS*(Dy, - Dy.)
= co0s?(15.0 - 71.8) = 0.30
14 =i1s = SiN¥(Dy, - D3

= sin2(15.0 - 71.8) = 0.70

arcsin = sin™’
AB,; system
Frequency Intensity
218.614 0.368
146.692 0.531
100.000 1.000
28.078 2.106
-59.464 3.101
-68.614 2.632
-140.536 1.363
F, F. Fs F, FsFs F, Fy -178.078 0.894
1. vA=100.00 Hz
2. vg=100 Hz and Jog = 100 Hz
AA'XX' system

In strict AA’ XX’ systems spectra are given by pairs of different species:

For these systems we define
K| = Jaa + Jxx|

IL| = [Jax — Jax/|

IM[ = [Jaas = Jxx|

IN| = [Jax + Jax|

“J” of one ab quartet
“d”0f both ab quartet
“J” of other ab quartet
“J” of doublet

For the molecule 7, the "°F spectrum shows 10 lines with the following chemical shifts in Hz at:

276.2 ;268.1;247.0;236.4;235.0;222.7;221.8;211.7;189.8 ; 181.3.

M
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N = Q =9 =@ @~
TN

A

— 188

— 1813

1. Determine N = 35.3 Hz

3.0

IK] = Maa: +
LI = Max - Jaxl
IM| = M - Jhoc]
IN| = [Jax + Jaxl

"J" of one ab quartet
"3" of both ab quartets
"J" of other ab quartet
"doublet”

If we make the reasonable assumption that

Jer > Juy and Jye (trans) > Jye (Cis) we get
the following values:

0.7

£,
36_5< F\\@H >

2. Measure K (41.2 and 41.4 Hz) and M (31.7 Hz and 32.0 Hz).
3. Calculate L from the formulae given in equation 7 For K L = 33.8 Hz and for L = 34.2 Hz.
4. Calculate Jaar and Jxx by summing and subtracting K and M.

Jan= (K+M)/2 = 36.5 Hz; Jxx = (K-M)/2 = 4.7 Hz

6. Calculate Jox and Jax by summing and subtracting L and N.

Jax= (N+L)/2 =34.7 Hz; Jax- = (N-L)/2=0.7 Hz

e v v b b b

615 610 6.05 6.00
ppm

4dt 17, 11,5
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Hg, Ha
v~ CH,
ABMzY H
c
Y T T I A 8 2.05, d quintets, J =13.4,7.5
8 1.75, d quintets, J =13.5, 7.5
30 20 100HZ
o'
AT AT ABX, \O CH,4
42 4.1 4.0
64.13,dq,J=11,7
84.08,dq,J=11,7
R1
\.H..‘l,umu.‘.Hlu‘.‘.Hlu‘.uulu.Hm..‘ H.'
72 7.1 7.0 6.9 6.8 ) A A
R4, R, must be electron donating
AA'XX' (or AABB')  Hp' B
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