
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 30 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Spectroscopy Letters
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597299

Theoretical and Experimental APT and Dept Behavior of Methane
L. Gerardo Zepedaa; Roberto Villagómezb; P. Joseph-Nathanb

a Departamento de Química Orgánica, Escuela National de Ciencias Biológicas del Institute Politécnico
National, Prol. de Carpio y Plan de Ayala, México, México b Departamento de Química, Centro de
Investigatión y de Estudios, Avanzados del Instituto Politécnico National, México, México

To cite this Article Zepeda, L. Gerardo , Villagómez, Roberto and Joseph-Nathan, P.(1998) 'Theoretical and Experimental
APT and Dept Behavior of Methane', Spectroscopy Letters, 31: 1, 31 — 40
To link to this Article: DOI: 10.1080/00387019808006758
URL: http://dx.doi.org/10.1080/00387019808006758

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597299
http://dx.doi.org/10.1080/00387019808006758
http://www.informaworld.com/terms-and-conditions-of-access.pdf


SPECTROSCOPY LETTERS, 3 1( l), 3 1-40 (1998) 

THEORETICAL AND EXPERIMENTAL APT AND DEPT 
BEHAVIOR OF METHANE 
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ABSTRACT 

The theoretically developed Attached Proton Test (APT) and Distortionless 
Enhancement by Polarization Transfer (DEPT) curves for methane were compared 
with the corresponding experimentally measured data for 13C enriched methane. As 
expected, in both cases the CH4 curves have a similar shape than the corresponding 
CH2 curves and show a minimum intensity when 7 = 1/25. In the APT case the 
CH2 curve takes larger values than the CH4 curve except at 7 = 0, 1/25 and I N  
values where they have the same intensity. In the DEPT experiment, the maximum 
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polarization transfer for CH4 takes place at t = 1/65 and 5/65, while for CH2 this 
happen at t = 1/45 and 3/45. This fact could be useful to distinguish the CH2 and 
CH4 signals using APT and DEPT experiments. 

INTRODUCTION 

For a long time the methane molecule has been a useful model to 
understand the origin of physicochemical and spectroscopic properties of 
structurally more complex molecules. In NMR spectrometry it has been the subject 
of several studies related to deuterium induced isotope shifts,1-3 to the mechanism 
of spin relaxations: for effects of Van der Waals interactions,s temperature and 
electronegativity of substituents on chemical shifts>-* etc. In contrast, the 
theoretical basis to edit pulse sequences for methane have been neglected probably 
due to their structural simplicity. For example, since the early eighties the APT9 
(Attached Proton Test) and DEPTlo.11 (Distortionless Enhancement by 
Polarization Transfer) knowledge for CH, CH2 and CH3 fragments were 
implemented as analytical tools to distinguish them, but the CH4 case was not 
considered. This fact encouraged us to develop the equations for the APT and 
DEPT curves of methane that predict the dependence of the signals intensity with 
variable time delay periods. These behaviors were tested experimentally, and are 
described herein. 

RESULTS AND DISCUSSION 

The APT sequence is one of the first NMR methods taking into account the 
time dependence of 1 J(13C-lH)modulated *3C magnetization for the differentiation 
of methyl (CH3), methylene (CHz), methylene (CH) and quaternary carbon atom 
(C) subspectra. The APT mathematical expressions for these molecular fragments 
have been established 

c : SlSo = 1 (1) 

CH : SlSo = c o s d r  ( 2 )  
1 CH2: S I S O  = -(l+COs 2 d r )  2 
1 CH : SlSo = -(3 cos d r  + c o s 3 d r )  3 4 

(3) 

(4) 
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where S and So are the intensities of the magnetization in the x-y plane at T # 0 and 
T = 0, respectively. 

Equations (1)-(4) can be written in the generalized form 

CHn:S/So = C O S ~  dr (5) 

Considering the series: 

cos2" a = -+[ 1 p ] + F [ c o s  1 2 n a  + [ in]cos(2n -2)a+. . .+  [ z:,]cos2a] (6 )  

it can be found that: 

(7) 
1 
8 

CH,: S/So=-(3+4cos 2 d r + c o s  4 d r )  

The five equations (1-4 and 7) can be solved numerically over the range 
from 0" to 180", or 0 to R ,  as shown in Table 1, or they can be plotted as shown in 
figure la. 

Equation (7) was tested experimentally through the classical APT pulse 
sequence using a iarray from 0.5 to 8 ms, in 0.5 ms increments, and the graphical 
results are shown in figure 1 b. As can be seen, these results are in good agreement 
with the theorical curve and further show a similar trend than the CM2 curve, 
giving, as expected only positive values. The only difference between the CI I, and 
CH2 curves is that the CH2 curve takes larger or the same intensity values than the 
CH4 curve, a fact that makes it possible to distinguish these carbons by their 
signal intensities, for instance at IT = 314 (6  ms for lJcH = 125 Hz) in a natural gas 
sample. 

The motion of the l3C magnetization vectors for I3CH4 is shown in  figure 

2. According to the APT sequence, the first 90" pulse aligns the five components of 

the quintet (a) along the y-axis in the rotating reference frame. After a 1/85 delay, 
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TABLE 1 

Relative 13C Signal Intensities for C, Arrangements in the APT Experiment. 

(0 )  0 45 60 90 120 135 180 
lt 0 1 I4 1 I3 112 213 314 1 

C 1 1 1 1 1 1 1 
CH 1 1 142 112 0 -112 - 1/42 -1 
CH2 1 112 114 0 1 I4 1 I2 1 

CH4 1 114 1/16 0 1116 1 14 1 
CH3 1 11242 1 I8 0 -118 -11242 -1 

n / 2  3n/4 TI 

t 
v, z 
W 

z 

I I 
0 I 2 3 4 5 6 7 8 

TAU (mS) 

FIG. 1. (a) Theorical curves for APT with variable T delays for C, CH, CH2, CH3 
and CH4 groups; (b) experimental arrayed APT spectra for I3CH4 showing the 
variation of the net magnetisation (signal intensity) with variable T delays. 
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X X X 

X '  X' X' 

the macroscopic magnetization has evolved into the five vectors (b), where uo 

represents the vector moving at the rotating frame frequency, u I  and u - ~  are the 

vectors moving +J and -J Hz away from the vector uo; while the v2 and v-2 vectors 

correspond to those moving two times away (+W and -W Hz) from uo. The angles 

$1 and $2 describe the radial magnitude of the evolution for the vectors giving the 

4:4 and 1 : 1 relative intensity lines, respectively. It can be seen that the 4cos 2 d ~  

term in equation (7) corresponds to the $ 1  and +2 angles, and for each 5 value, $2 
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will always be twice the 41 angle. The remaining pictorial representations (c-f) in 
Figure 2, modulate the net magnetization producing a signal with variable intensity. 
This signal becomes zero (d) when the delay reach 1/25 seconds. At the time 1/J 
seconds (f) the five components join again together along the y-axis, thus giving a 
signal with positive amplitud for the I3CH4 molecule. 

On the other hand, it is well known that the DEPTlolll pulse sequence is a 
useful method to differentiate CH, CH2 and CH3 groups. The edited version of the 
individual spectra allows to obtain their separate traces. In this case the amplitudes 
of the signals depend on the polarization transfer from the hydrogen atoms to the 
carbon nuclei, and the equations that describe the magnitudes of these transfers are 
the following: 

CH : sin e =sin B coso e 
CH,: sin20=2sin e COS'O 

CH,: + s i n ~ + s i n 3 @ = 3 s i n e  cos2 e 3 
4 

which can be generalized as: 

CH,: n sin 0 cos (11) 

As was done above for the APT case, the theorical and experimental DEPT 
curves for 13CH4 were determined at first glance. From equation (1 1) it can be 
deduced that 

and considering the corresponding trigonometrical identities, it was finally found 
that 

(13) 
1 
2 

CH,: 4 sine c0s3 e = sin 2e + -(sin 4e) 

which describes the sinoidal dependence of the polarization transfer with the 8 
pulse, as shown in figure 3a. As can be seen, the behavior of the CH4 curve is very 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
3
0
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



APT AND DEPT BEHAVIOR OF METHANE 

II u r n  I n/4 

DEPT 

-3 n '  

37 

-.- 
0 30 60 90 I20 I50 I80 

BY 

FIG. 3. (a) Sine modulations in the amplitude of the 13C signals for CH, CH2, CH3 
and CH4 arrangements as a function of the 0 pulse angle given during the 
polarization transfer pulse; (b) DEPT experiment ( H-decoupled) for 13CH4 
showing the dependence of the polarization transfer (signal intensity) with the 0 
pulse angle. 
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similar to that of the CH2 case, both being curves with negative and positive 
values, At T = 1/6J and T = 5/65 the maximum polarization transfer takes place for 
H4. This fact makes it possible to differentiate the signals of CH2 and CH4, since 
the maximum intensity for CH2 will be at T = 1/45 and T = 3/41 Table 2 shows the 
relative signal intensities for the CH, CH2, CH3 and CH4 arrangements, where it 
can be seen that the maximum polarization transfer for CH4 is reached when 8 is 
equal to 30" and 150', since the carbon holds four hydrogen atoms. Figure 3b 
shows a series of spectra acquired at variable 8 pulse and the experimental curve 
shows close agreement with the theorical expression (eq. 13). In this case the vector 
analysis is difficult to show since heteronuclear multiple quantum coherence takes 
place in the DEPT sequence, although a representation has been attempted. 12 

The small differences between the theorical and experimental curves in both 
APT and DEPT experiments could in part be attributed to the "alfa" delay requiered 
by the spectrometer software, which is inserted in the pulse train before the 
acquisition time and, particularly for the DEPT sequence, to natural relaxations 
during the short delay given after each transient. 

EXPERIMENTAL 

The APT and DEPT spectra were recorded on a Varian XL 300GS 
spectrometer at an observe frequency of 75.4 MHz, using C6H6 as the solvent and 
TMS as the internal reference. The D2 delay (2) in the APT experiment was 
increased from 0.5 to 8 ms each 0.5 ms. For the DEPT experiment a variable 8 

pulse from 0 to 180°, obtained through an arrayed mult, was used. In both 
experiments 400 transients were acquired with an acquisition time of 1.8 s and a 
relaxation time of 2 s. The recycling time was set around 4 s and at least 8320 data 
points were acquired. 

PreDaration of UC labeled methane. 
To a cooled (OOC) solution of 0.5 g (3.5 mmol) of CH31 99%-13C in 10 ml 

of anhydrous ethyl ether were added 90 mg (3.7 mmol) of Mg powder under a N2 
atmosphere. The mixture was allowed to warm to the room temperature and stirred 
for 30 min. The temperature was lowered to O'C, then was added dropwise 1 ml of 
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APT AND DEPT BEHAVIOR OF METHANE 39 

TABLE 2 

Relative 13C signal intensities for Cn arrangements in the DEPT experiment. 

t) 

IT 0 116 114 113 112 213 314 516 1 
0 30 45 60 90 120 135 150 180 

CH 0 112 1/42 6312 1 6312 1/62 112 0 
CH2 0 4312 1 4312 0 -4312 -1 -6312 0 
CH3 0 918 31262 36318 0 36318 31262 918 0 
CH4 0 36314 1 4314 0 6314 - 1  -36314 0 

H20 and the gas that evolved was bubbled into a cooled (lO°C) 5 mm nmr tube 
containing 0.5 ml of C6H6, which was sealed. 
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