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Supporting Information – Solid-State NMR Spectroscopy: Experimental details 

1D MAS NMR experiments: All solid-state NMR spectra were measured at 11.7 T using a Bruker Avance 500 WB/US NMR spectrometer (2013) in a double-resonance 4-mm and 3.2-mm probe-head at spinning frequencies 11 and 20 kHz, respectively. 

The 13C CP/MAS NMR spectra employing cross-polarization were acquired using the standard pulse scheme at spinning frequency of 11 kHz. The recycle delay was 6 s and the cross-polarization contact time was ranging from 0.1 to 3 ms. The strength of spin-locking fields B1(13C) expressed in frequency units 1/2=B1 was 64 kHz. The 13C CPPI/MAS NMR spectra employing cross-polarization polarization-inversion (CPPI) preparation period to distinguish CHn groups were measured using the standard pulse scheme at spinning frequency of 11 kHz. The cross-polarization contact time was 1.75 ms whereas duration of the polarization inversion period was 60 s.  The recycle delay was 6 s. The strength of spin-locking fields B1(13C) expressed in frequency units 1/2=B1 was 64 kHz. The spectra were referenced to -glycine (176.03 ppm).

The 1H MAS NMR spectra with DUMBO homodecoupling were measured at 10 kHz (MAS frequency) and number of scans 64-128. The 90° (1H) pulse-length was 2.2 s, power level for DUMBO shape pulse was 71 W, DUMBO pulse length 32s and the number of loops for digital averaging was 6. All parameters were optimized on glycine to reach maximum spectral resolution ((NH3+)=250 Hz and(CH2)=230 Hz). The 1H scale was calibrated with external standard – glycine (low-field NH3 signal at 8.0 ppm and the high field H signal at 2.5 ppm.

2D 1H-13C FSLG HETCOR MAS NMR experiments: Two-dimensional (2D) 1H-13C HETCOR experiments were performed using the FSLG (Frequency Switched Lee-Goldburg) decoupling during the t1 evolution period consisting of 64-128 increments each made of 256-320 scans with a dwell time of 42.6 s (Figure S1). Rotation frequency was r/2= 11 kHz. The B1(1H) field strength of FSLG and SPINAL-64 decoupling expressed in frequency units 1/2=B1 was 89.3 kHz.


[image: ]
Figure S1. Schematic representation of 2D 1H-13C FSLG HETCOR MAS NMR experiment.



1H-1H SQ/SQ CRAMPS NMR: The 2D 1H-1H SQ/SQ CRAMPS NMR correlation spectra were measured using the NOESY-type pulse sequence with DUMBO homo-decoupling applied in both detection periods (Figure S2). The recycle delay was 5 s, t1 evolution period consisted of 128 increments each made of 16-32 scans. The spin-diffusion period (SD) was varied from 20 to 300 s. The 90° (1H) pulse-length was 2.2 s, power level for DUMBO shape pulse was 71 W, and DUMBO pulse length was 32s. All parameters were optimized on glycine to reach maximum spectral resolution ((NH3+)=250 Hz and (CH2)=230 Hz, Figure S3). The 1H scale was calibrated with external standard – glycine (low-field NH3 signal at 8.0 ppm and the high field H signal at 2.5 ppm. 

[image: ]

Figure S2. Schematic representation of 2D 1H-1H SQ/SQ CRAMPS NMR experiment with a spin-diffusion period.
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Figure S3. 2D 1H-1H SQ/SQ CRAMPS NMR spectrum (10 kHz) of glycine measured with a 500 s mixing period.


1H-1H DQ/SQ CRAMPS NMR correlation experiments: The 2D 1H-1H DQ/SQ CRAMPS NMR correlation spectra were measured using the 1H-1H double-quantum (DQ) experiment employing the SPC5 recoupling sequence at spinning frequency r/2= 10 kHz (Figure S4). The recycle delay was 5 s, t1 evolution period consisted of 128 increments each made of 64 scans. The DQ coherence excitation and reconversion consisted of 1-4 loops (duration of one loop was 40 s). The DUMBO decoupling was applied during both detection periods. Similarly as in the previous case all the experimental parameters were optimized on glycine sample.


[image: ]

Figure S4. Schematic representation of 2D 1H-1H DQ/SQ DUMBO NMR experiment with SPC5recoupling sequence.


2D 1H-13C PILGRIM MAS NMR: The site-specific measurement of one-bond 1H-13C dipolar couplings under the Lee-Goldburg condition was achieved by the 2D PILGRIM experiment (Figure S5). The length of polarization-inversion period was 1 ms. Lee-Goldburg cross polarization was incremented from 50 to 5170 s with 20 s increment. The experiments were performed at spinning frequencyr/2= 12 kHz. The recycle delay was 5 s, t1 evolution period consisted of 32 increments each made of 128 scans. To obtain correct values of 1H-13C dipolar coupling the indirect F1 axis was scaled by a factor 0.557=sin(54.7)/√2. 
 
[image: ]

Figure S5. Schematic representation of 2D 1H-13C PILGRIM experiment.





2D 1H-13C PISEMA NMR: Alternatively the site-specific measurement of one-bond 1H-13C dipolar couplings under the Lee-Goldburg condition was achieved by using the 2D PISEMA experiment (Figure S6). The length of initial polarization-inversion period was 1 ms. The subsequent t1 evolution period consisted of a train of short Lee-Goldburg cross-polarization pulses matching the Hartmann-Hahn condition for ±1 sidebands (, n = ±1). The length of each pulse was 21.5 s. The number of increments was 100 covering thus 46 kHz spectral width with 460 Hz FID resolution. The experiments were performed at spinning frequencyr/2= 12 kHz and the recycle delay of 5 s. To obtain correct values of 1H-13C dipolar coupling the indirect F1 axis was scaled by a factor 0.557=sin(54.7)/√2.



[image: ]


Figure S6. Schematic representation of 2D 1H-13C PISEMA experiment.



2D 13C-13C CP-INADEQUATE MAS NMR: The 13C-13C one-bond connectivity was probed using the transfer-dephasing-optimized refocused 13C-13C CP-INADEQUATE MAS NMR experiment. Evolution delays in refocused CP-INADEQUATE were 5.4 ms and 128 t1 increments consisting of 1080 scans were collected (total acquisition time was 8 days). TPPM (two-pulse phase-modulated) decoupling was applied during evolution and both detection periods. The phase modulation angle was 15°, and the flip-pulse length was 4.8 s. Applied nutation frequency of B1(1H) field was 1/2= 89.3 kHz. 


2D PASS NMR: The principal elements of the 13C CSTs, δ11, δ22, and δ33, where δ11 ≥ δ22 ≥ δ33, were extracted from the 2D 13C PASS NMR spectra. The spectra were measured at spinning frequency of 3 kHz using the standard PASS pulse sequence with five 180° pulses (6.88 s) separated by the delays with the initial duration 52, 48, 48, 52 s. The automated protocol provided by the spectrometer supplier (‘pass2d’) was applied and continuous mod was selected. 16 rows in the serial file were collected.   















Supporting Information – Full-size solid-state NMR spectra
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Figure S7. 13C CP/MAS NMR spectra of Metergoline Form I and Form II.


Metergoline I
MI
0.1 ms
0.3 ms
3.0 ms


Figure S8. 2D 1H-13C HETCOR NMR spectra (full spectral width) of Metergoline Form I recorded at variable cross-polarization mixing time (0.1, 0.3 and 3.0 ms).
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Figure S9. 2D 1H-1H SQ/SQ CRAMPS NMR spectrum of Metergoline Form I recorded with 0.3 ms mixing time.
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Figure S10. 2D 1H-1H DQ/SQ CRAMPS NMR spectrum of Metergoline Form I recorded with two DQ coherence excitation and reconversion loops (duration of each loop was 40 s).
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Figure S11. 2D 1H-13C HETCOR NMR spectra (full spectral width) of Metergoline Form II recorded at variable cross-polarization mixing time (0.1, 0.3 and 3.0 ms).


[image: ]
Figure S12. 2D 1H-1H SQ/SQ CRAMPS NMR spectrum of Metergoline Form II recorded with 0.3 ms mixing time.
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Figure S13. 2D 1H-1H DQ/SQ CRAMPS NMR spectrum of Metergoline Form II recorded with two DQ coherence excitation and reconversion loops (duration of each loop was 40 s).


[image: mer-INAD1]

Figure S14. Refocused 13C-13C CP-INADEQUTE NMR spectrum (full spectral width) of Metergoline Form II.
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Figure S15. Refocused 13C-13C CP-INADEQUTE NMR spectrum (aplihatic region) of Metergoline Form II.
[image: mer-INAD3]

Figure S16. Refocused 13C-13C CP-INADEQUTE NMR spectrum (aromatic region) of Metergoline Form II.
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[bookmark: _GoBack]Figure S16. Expanded regions of 2D 1H-13C PISEMA NMR spectra for polymorphs MI and MII. On the right-hand side examples of the dipolar profiles of selected units are presented: rigid CH group No. 2 - Form I; slightly wobbling CH2 group No. 21 - Form I; ortho- CH unit - Form I; and rapidly flipping ortho CH unit - Form II.

image1.emf
1H

SPINAL 

64

t

2

CP

FSLG

90�

36�

t

1

CP

13C


image2.png




image3.emf
ppm

10 9 8 7 6 5 4 3 2 1

ppm

10

8

6

4

2

9 8 7 6 5 4 3 2

ppm


image4.emf
ppm

10 9 8 7 6 5 4 3 2 1

ppm

10

8

6

4

2

9 8 7 6 5 4 3 2

ppm


image5.png
DQ excit.
SPCS

DQ conv.

SPCS

DUMBO





image6.emf
1H

TPPM

t

2

PI

90�

90�

CP

13C

LGCP

t

1

AM-LGSEMA

t

1

1H

TPPM

t

2

13C


image7.wmf
r

C

H

eff

n

w

w

w

=

-

,

1

,


oleObject1.bin

image8.emf
90°

CP

1H

13C

CP

+x +x

-x

-x

+x-x

decoupling

t

1

t

2

AM-LGSEMA

35°



2

1H

13C

+x +x

-x

-x

+x-x

decoupling

t

1

t

2

AM-LGSEMA

saturation



1



2

90°

CP

1H

13C

CP

+x +x

-x

-x

+x-x

decoupling

t

1

t

2

AM-LGSEMA

35°



2

1H

13C

+x +x

-x

-x

+x-x

decoupling

t

1

t

2

AM-LGSEMA

saturation



1



2


image9.emf
30 40 50 60 70 80 90 100 110 120 130 140 150 160 ppm


image10.emf
30 40 50 60 70 80 90 100 110 120 130 140 150 160 ppm


image11.emf
ppm

10

5

30 40 50 60 ppm

ppm

120 130 140 150 ppm

10

5

ppm

10

5


image12.emf
ppm

10

5

30 40 50 60 ppm

ppm

120 130 140 150 ppm

10

5

ppm

10

5


image13.png
M

DUMBO 1H-1H (300us) SD MAS NMR, F1-dumbo/F2-dumbo)

F1 [ppm]

6 4 2 F2 [ppm]




image14.png
AN

5pe5-DAYSQ 1H-1H DUMBO MAS NMR,L1=2, F1-dumbo/F2-edumbo, (NO-Filter - 1H BAND PASS) 10k

@

T
8 6 4 2 F2 [ppm]

F1 [ppm]

10

15




image15.emf
ppm

120 130 140 150 160 ppm

10

5

30 40 50 60 ppm

ppm

10

5

ppm

10

5

0


image16.emf
ppm

120 130 140 150 160 ppm

10

5

30 40 50 60 ppm

ppm

10

5

ppm

10

5

0


image17.png
VAN

DUMBO 1H-1H (300us) S0 MAS NMR, F1-dumbo/P2-gumbl





image18.png
5pe5-DAYSQ 1H-1H DUMBO MAS NMR,L1=2, F1-dumbo/F2-edumbo, (NO-Filter - 1H BAND PASS) 10k

T
8 6 4 2 F2 [ppm]




image19.emf
ppm

30 40 50 60 70 80 90 100 110 120 130 ppm

50

100

150

200

250


image20.emf
ppm

25 30 35 40 45 50 55 60 65 70 ppm

40

50

60

70

80

90

100

110


image21.emf
ppm

40 50 60 70 80 90 100 110 120 130 140 ppm

160

180

200

220

240

260

280

300

320

340


image22.emf
ppm

110 115 120 125 130 135 ppm

-10

10

0

30 35 40 45 50 55 60 65 ppm


image23.emf
ppm

110 115 120 125 130 135 ppm

-10

10

0

30 35 40 45 50 55 60 65 ppm


image24.emf
10 0 ppm


image25.wmf
H

H

H

H

H



