SQUID-based detection of ultra-low field multinuclear NMR of substances hyperpolarized using signal amplification by reversible exchange
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1. Sample preparation

The three samples were prepared as listed in Table S1.
Table S1: Composition of the sample solutions.

	Substrate:
	3-Fluoropyridine*
	3,5-Bis(trifluoromethyl)pyridine**
	Ethyl-5-fluoronicotinic acid*

	CAS number:
	372-47-4
	20857-47-0
	22620-29-7

	Molecular formula:
	C5H4FN
	C7H3F6N
	C8H8FNO2

	M [g/mol]:
	97.09
	215.1
	169.17

	n [mol]:
	0.00023
	0.00023
	0.00023

	d [g/ml]:
	1.13
	
	1.197

	V [ul]:
	19.76
	
	32.51

	m [mg]:
	22.3
	49.47
	38.91

	
	
	
	

	[Ir(COD)(IMes)(Cl)] catalyst [mg]:
	7.0
	7.0
	7.0

	Methanol [ml]:
	10
	10
	10


* Liquid mixed with methanol

** Powder dissolved in methanol
2. 1H-19F ultra-low field MR spectrum

Figure S1 shows an exemplary spectrum of 1H and 19F signals of hyperpolarized ethyl-5-fluoronicotinic acid. Due to the broad-band detection characteristics of the SQUID both nuclei can be detected simultaneously allowing a quantitative measurement of the magnetization as well as changes of the magnetization of both nuclei. For RF excitation a double-resonant pulse was used. TR of the sequence was 9.5 s with 50 averages. The Bp field strength was 4.1 mT and tBp was 4s.
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Figure S1. Simultaneous detection of hyperpolarized 1H ((6140 Hz) and 19F ((5770 Hz) nuclei of ethyl-5-fluoronicotinic acid under ultra-low field conditions using a SQUID-based detector. The absolute value of the MR signal is plotted (for high-resolution spectra cf. fig. 5 in main text middle panel).
3. 1H-1H and 1H-19F coupling constants of 3,5-bis(trifluoromethyl)pyridine, ethyl-5-fluoronicotinic acid and 3-fluoropyridine
The 1H-1H or 1H-19F coupling constants were measured in a standard high-field NMR spectrometer with polarizing field of 7T (Bruker WB-300 system with AVANCE 3 unit, Bruker BioSpin GmbH, Rheinstetten). The substrates were mixed respectively dissolved in a 10mm NMR tube filled with 2ml methanol-d4. After adding the catalyst [Ir(COD)(IMes)(Cl)] the solutions were measured. 
1H-1H and 1H-19F coupling constants of 3,5-bis(trifluoromethyl)pyridine
No 1H-1H or 1H-19F couplings could be detected for 3,5-bis(trifluoromethyl)pyridine at 7T. The corresponding high field NMR spectra with signal assignment are shown in Figure S2. 
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Figure S2. 1H and 19F MR spectra of 3,5-bis(trifluoromethyl)pyridine measured in methanol-d4 at 7T.
1H-19F coupling constants of ethyl-5-fluoronicotinic acid

Ethyl-5-fluoronicotinic acid was measured under the same conditions as 3,5-bis(trifluoromethyl)pyridine. The high-field 1H and 19F NMR spectra (7T) and determined coupling constants of ethyl-5-fluoronicotinic acid are shown in Figure S3.   

[image: image3.png]o A B C 19F 19F
c 8.99 | 8.70 | 8.14 | -127.72 simulation
~ N ppm | ppm | ppm | ppm
Al - - | 162 160
B N7 A B | - - | 293| o075 F
measured
C |162]| 293 - 8.76 Mal

19F | 1.60 | 0.75 | 8.76 -

-127.7 -127.75

aromatic region of the simulated "H NMR spectrum

A

aromatic region of the measured "H NMR spectrum

e

9.0 8.8 8.6 8.4 8.2 ppm





Figure S3. 1H and 19F MR spectra of ethyl-5-fluoronicotinic acid (red: measured in methanol-d4 at 7T; green: simulated spectra) and the determined corresponding coupling constants.

1H-19F coupling constants of 3-fluoropyridine
Figure S4 displays the 1H and 19F NMR signals as well as the simulated signals based on the coupling constants listed in the table.  
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Figure S4. 1H and 19F MR spectra of 3-fluoropyridine (blue: measured in methanol-d4 at 7T; green: simulated spectra) and the determined corresponding coupling constants.
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