




We studied 1H contact pulses with 50%, 30% and 10% 
linear amplitude ramps. A 50% amplitude ramp is achieved 
by a linear change of the pulses rf amplitude from 50% to 
100% for a given power level. Likewise, 30% or 10% ramp 
implies a linear amplitude change from 70% to 100% or 
from 90% to 100% rf amplitude, respectively, for a given 
power level. It is instructive to relate the ƒrf amplitude varia-
tion to rf power changes and we find that the 50% ramped 
pulse represents a 6dB rf power change; the 30% pulse 
a 3.09dB change and the 10% ramp a 0.91dB rf power 
change. Of course the ramp can be inverted and applied for 
100% to 50 % and likewise for the other amplitude ramps 
we discussed. It is still debated if the time orientation, which 
is the ramp up or ramp down, is experimentally significant. 
Pulse programs permit to alternatively employ the amplitude 
modulated pulse on the X channel instead on the 1H channel. 
We did not test that option in the current study.

In the following we report on the 13C signal intensity of 
the two 13C resonances of uniformly 13C and 15N enriched 
glycine for a series of CP matching conditions by stepwise 
decreasing the 1H ƒrf power of amplitude ramped contact 
pulses. We incremented the attenuation of these rf pulses in 
steps of 0.1 dB for the 30% and 10% ramps from -10 dB to 
+10 dB (20.33 kHz) for a fixed 13C field of ƒrf = 27.75 kHz at a 
rotation rate of ƒMAS = 111 kHz on our 0.7 mm CPMAS probe. 
For the 50% amplitude ramped pulse, we find a negative 
maximum signal intensity for both carbon resonances at 
-6.4dB (Figure 2 green trace). This is equivalent to 134.3 kHz 
at 100% amplitude of the ramp’s contact pulse. We calculate 
for this maximum that the Hartman Hahn match would be 
for a DQCP condition at 83.25 kHz, which is well below the 
midpoint of the amplitude ramp at 62% of the calculated rf 
field amplitude. The positive intensity maximum of the green 
trace in Figure 1 is located at 0.8dB and identifies a SOCP 
process, which leads to a selective enhancement of the 
Ca-resonance.

For the 30% amplitude ramped pulse, we find one maxi-
mum at -3.5dB. That maximum represents a 96.17 kHz 
1H rf field and thus turns out to be a DQCP condition with 
effective 81.7kHz on 1H and 29.2 and 28.6 kHz on CO and 
Ca, respectively, if we consider effective fields for the 9 kHz 
and 7.1 kHz offsets of these resonances from 13C carrier. 
We find a negative maximum at 4.4 dB with a 1H field of 
38.73 kHz which is almost equal to the effective fields for 
the 2 carbon resonances of 28.6 kHz (Ca) and 29.2 kHz (CO). 
Interestingly, we only find the Ca resonance enhanced in 
this SOCP condition (red spectrum in figure 3).

For the 10% ramp we observe the most signal amplitude 
variations and find the first significant negative maximum at 
155.97 kHz, identifying as a ZQCP event. The next positive 
maximum is at 76.39 kHz, which is a DQCP. The selective 
SOCP gives the negative maximum at 38.73 kHz. The SOCP 
provides the largest Ca-resonance intensity not only for the 
10% ramp, but also one compared to all other amplitude 
ramped CP experiments we studied.

Spectra of the discussed extrema for 10% ramp, (blue SOCP, yellow 
DQCP and orange ZQCP) for 30% ramp (red SOCP, green DQCP) 
and 50% ramp (purple DQCP). The blue spectrum has the highest 
Ca resonance of all experiments presented while the orange ZQCP 
spectrum presents the highest overall integral intensity of both 
resonances. The green spectrum has the second highest absolute 
intensity for Ca while the CO resonance is below the intensities for 
CO on the yellow and orange spectrum.

Figure 3

The optimization trail of the glycine spectrum from -10 dB to +10 dB 
rf-power on a 10% linear amplitude ramp 1H contact pulse of 2 ms 
duration, while the spinlock pulse amplitude on 13C was 2/3rd of 
100 kHz MAS rate, at 66.67 kHz. We find the ZQCP at 173.85 kHz 
(blue arrow) mid value for 10% ramp, the DQCP n=2 condition at 
129 kHz (red arrow), the SOCP condition at 69.3 kHz (green arrow) 
and the DQCP, n=1, condition at 20.92 kHz (purple arrow).

Figure 4



Next, we change the 13C rf-field and set ƒrf = 66.67 kHz, 
which is 2/3rd of the MAS rotation rate of 100 kHz where 
we expect a DQCP condition for 1H at 33.33 kHz, a SOCP 
condition at 66.67 kHz and a ZQCP condition at 166.67 kHz. 
With a 10% ramp we find that ZQCP delivers the overall 
best CP intensities for both resonances together. The SOCP 
condition provides the strongest overall Ca signal.

Comparing the two sets of experiments with 10% ampli-
tude ramps but with the 		  at 111 kHz MAS and the 

one with 	  at 100 kHz MAS, indicates that the 
higher rf-field gives a better polarization transfer (Figures 
4 and 6). These observations are in qualitative agreement 
with spinlock measurements by A Lange et al (5). We found 
on our 700 MHz spectrometer that 13C{1H} CP at 111 kHz 
worked best with 	 	 and the n=1 ZQCP condition at 
194 kHz on 1H pulse (data not shown). 

To summarize our observations, in the case of CP at high 
rotation rates of 42 kHz and upward, SOCP, ZQCP and 
DQCP can be employed in order to achieve efficient mag-
netization transfer, see table 1. For selective excitation, 
SOCP appears to be the method of choice with rf fields 	
		   . ZQCP provides the highest possible signal,  
if the rare nucleus contact pulse is between	  
and ƒ1H = wMAS + w 13C . Polarization transfer between rare 
nuclei follows these observations in general as well but 
requires some additional attention and will be dealt with in 
an upcoming note.

The glycine spectrum at the optima pointed out in figure 4 with the spinlock pulse on 13C at 2/3rd of 100 kHz MAS rate, which is a 
66.67 kHz rf-amplitude. The ZQCP lies at 173.85 kHz (blue spectrum), the mid value for 10% ramp, the DQCP n=2 condition at 129 kHz 
(red spectrum), the SOCP condition at 69.3 kHz (green spectrum) and the DQCP, n=1, condition at 20.92 kHz (purple spectrum).  We find 
the overall highest intensity is obtained for the ZQCP condition, while the most selective CP step with the overall highest Ca amplitude is 
obtained for the SOCP condition.
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Comparison of the optimization traces between -10 dB to +10 dB 
rf-power for a 10% linear amplitude ramp 1H contact pulse of 
2 ms, while the spinlock pulse amplitude on 13C was at 66.67 kHz 
rf amplitude, which is 2/3rd of 100 kHz MAS rate(red trace) and 
at 1/4th of 111 kHz MAS rate, which is 27.75 kHz (blue trace).  We 
clearly see the improved signal intensity for the higher 13C spinlock 
condition, while the SOCP provides a quite similar CP yield for the 
Ca-resonance.  
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ZQCP

MAS Rate a x Field 1H Field
1H Field
10% ramp

1H Field
30% ramp

1H Field
50% ramp

kHz kHz kHz kHz kHz kHz

42 1.75 73.5 115.5 121.6 135.9 154.0

62.5 0.75 46.9 109.4 115.1 128.7 145.8

100 0.75 75.0 175.0 184.2 205.9 233.3

111 0.75 83.3 194.3 204.5 228.5 259.0

120 0.75 90.0 210.0 221.1 247.1 280.0

140 0.75 105.0 245.0 257.9 288.2 326.7

DQCP n=1

MAS Rate a x Field 1H Field
1H Field
10% ramp

1H Field
30% ramp

1H Field
50% ramp

kHz kHz kHz kHz kHz kHz

42 0.60 25.2 16.8 17.7 19.8 22.4

62.5 0.60 37.5 25 26.3 29.4 33.3

100 0.60 60 40 42.1 47.1 53.3

111 0.60 66.6 44.4 46.7 52.2 59.2

120 0.60 72 48 50.5 56.5 64.0

140 0.60 84 56 58.9 65.9 74.7

DQCP n=2

MAS Rate a x Field 1H Field
1H Field
10% ramp

1H Field
30% ramp

1H Field
50% ramp

kHz kHz kHz kHz kHz kHz

42 1.75 73.5 10.5 11.1 12.4 14.0

62.5 0.75 46.9 78.1 82.2 91.9 104.2

100 0.75 75.0 125.0 131.6 147.1 166.7

111 0.75 83.3 138.8 146.1 163.2 185.0

120 0.75 90.0 150.0 157.9 176.5 200.0

140 0.75 105.0 175.0 184.2 205.9 233.3

SOCP

MAS Rate a x Field 1H Field
1H Field
10% ramp

1H Field
30% ramp

1H Field
50% ramp

kHz kHz kHz kHz kHz kHz

42 0.75 31.5 31.5 33.2 37.1 42.0

62.5 0.6 37.5 37.5 39.5 44.1 50.0

100 0.4 40 40 42.1 47.1 53.3

111 0.4 44.4 44.4 46.7 52.2 59.2

120 0.4 48 48 50.5 56.5 64.0

140 0.4 56 56 58.9 65.9 74.7

Table 1

Rf-field conditions at various MAS rates between 42 and 140 kHz or the ZQCP, DQCP and SOPC and the three amplitude ramps, 
10% 30% and 50% that were studied.  The 1H Field column shows the calculated rf field while the following fields show the 
required rf field value for the 100% rf field value required for the ramp employed, 10%, 30% or 50% assuming that the optimum 
match is ad the mid position of the ramp, at 95%, 85% and 75%, respectively. 
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