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ESI-HRMS Spectra 

 
Figure S1. ESI-HRMS of N-(1H,1H-undecafluorohexyl)bromoacetamide in methanol using positive ion 
mode. 
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Figure S2. ESI-HRMS of N,N’,N’’,N’’’-tetra(N-(1H,1H-undecafluorohexyl)acetamidyl)-1,4,7,10-
tetraazacyclododecane in methanol using positive ion mode. 
 

 
Figure S3. ESI-HRMS of Eu1 in methanol using positive ion mode. 

JL-1-97_ESIPos #5-14 RT: 0.26-0.76 AV: 10 NL: 7.90E6
T: FTMS + c ESI Full ms [150.00-2000.00]

1520 1525 1530 1535 1540 1545 1550 1555 1560 1565 1570
m/z

0

500000

1000000

1500000

2000000

2500000

3000000

3500000

4000000

4500000

5000000

5500000

6000000

6500000

7000000

7500000
In

te
n

si
ty

1551.2058
C 40 H36 O4 N8 F 44 Na = 1551.2049

0.5782 ppm

1529.2255
C 40 H37 O4 N8 F 44 = 1529.2230

1.6315 ppm

1552.2089

1553.2124

1531.2323

1554.2170 1567.18121532.2355 1543.24171527.21041521.9742 1535.2340 1546.2257 1550.2059 1559.2047 1570.18571561.54051538.0505

JL-1-155_ESIPos #14 RT: 0.83 AV: 1 SB: 252 3.01-18.88 NL: 1.52E5
T: FTMS + c ESI Full ms [150.00-2000.00]

558.8 559.0 559.2 559.4 559.6 559.8 560.0 560.2 560.4 560.6 560.8 561.0 561.2 561.4 561.6 561.8 562.0 562.2
m/z

0

10000

20000

30000

40000

50000

60000

70000

80000

90000

100000

110000

120000

130000

140000

150000

In
te

n
si

ty

560.3781
C 40 H36 O4 N8 Eu F 44 = 560.3784

-0.6530 ppm

559.7109
C 40 H36 O4 N8 151Eu F 44 = 559.7113

-0.7414 ppm

560.0452
C 40 H37 O4 N8 151Eu F 44 = 560.0472

-3.6897 ppm

560.7122
C 40 H37 O4 N8 Eu F 44 = 560.7144

-3.9214 ppm

561.0469

561.3819 561.9115559.0227



  

3 
 

NMR Spectra 

 
Figure S4. 1H-NMR of N-(1H,1H-undecafluorohexyl)bromoacetamide in CDCl3. 
 

 
Figure S5. 19F-NMR spectrum of N-(1H,1H-undecafluorohexyl)bromoacetamide in CDCl3.  
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Figure S6. 1H-NMR spectrum of N,N’,N’’,N’’’-tetra(N-(1H,1H-undecafluorohexyl)acetamidyl)-1,4,7,10-
tetraazacyclododecane in DMSO-d6. 
 

 
Figure S7. 19F-NMR spectrum of N,N’,N’’,N’’’-tetra(N-(1H,1H-undecafluorohexyl)acetamidyl)-1,4,7,10-
tetraazacyclododecane in DMSO-d6. 
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Figure S8. 1H-NMR spectrum of Eu1 in DMSO-d6. 
 

 
Figure S9. 19F-NMR spectrum of Eu1 in DMSO-d6. 
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Figure S10. 1H-NMR spectrum of Eu2 in DMSO-d6. 
 

 
Figure S11. 19F-NMR spectrum of Eu2 in DMSO-d6. 
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Figure S12. 19F-NMR spectrum of Eu1 nanoemulsion in phosphate-buffered saline (1×) with 10% v/v 
D2O. 
 

 
Figure S13. 19F-NMR spectrum of Eu2 nanoemulsion in phosphate-buffered saline (1×) with 10% v/v 
D2O. 
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EPR Spectra 

 
Figure S14. EPR spectrum of Eu2 in degassed 1H,1H-perfluorooctylalcohol/n-perfluorooctyl bromide 
(20% w/w). 
 

UV–visible Spectra 

 
Figure S15. UV–visible absorbance spectra of Eu1 (—) and Eu2 (—) in degassed 1H,1H-
perfluorooctylalcohol/n-perfluorooctyl bromide (20% w/w). 
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Luminescence Spectra 

 
Figure S16. Luminescence emission from 5d–4f transition of Eu2 in degassed 1H,1H-
perfluorooctylalcohol/n-perfluorooctyl bromide (20% w/w). 
 

 
Particle Size Analysis 

 
Figure S17. Particle size analysis of loaded nanoemulsion in phosphate-buffered saline (1x). Lines 
between points are a guide for the eyes. 
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Statistical Analysis of Signal Intensities Between C and D in Figure 5 

 
Figure S18. Unpaired t-test of the signal intensities of image (Phantom) C (Eu2, 50%) and Phantom D 
(Eu2, 75%) from Figure 5 (p = 0.6734) showing no statitstical difference. 
 

Unpaired t‐Test 
P Value 0.6734
P value summary Not significant
Significantly different (P < 0.05) no
Two-tailed P value t = 0.4240
Degrees of Freedom 50

 

Chemical Shift Relative Intensity  

 

 
Figure S19. Chemical shift imaging relative intensity of perfluorocarbon emulsions in Figure 4 was set 
to the frequency of the peak indicated by the red arrow. 
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Figure S20. Overlay of two 19F-NMR spectra of Eu1 (4.5 mM) in N-perfluorooctylbromide (80%) and 
1H,1H-perfluorooctylalcohol (20%). One spectrum is from degassed sample, and the other spectrum is 
the first sample after aeration by sparging with air for 3 min. The difference in peak intensity (0.1 × 107) 
between the two samples is more than an order of magnitude smaller than the difference in Figure S21, 
demonstrating that Eu oxidation, and not the presence of oxygen, is the primary factor responsible for 
19F signal change.  
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Figure S21. Overlay of 19F-NMR spectra of Eu1 (4.5 mM) and Eu2 (4.5 mM) in degassed N-
perfluorooctylbromide (80%) and 1H,1H-perfluorooctylalcohol (20%). The difference in peak intensity 
(1.3 × 107) between the two samples is more than an order of magnitude larger than the difference in 
Figure S20, demonstrating that Eu oxidation, and not the presence of oxygen, is the primary factor 
responsible for 19F signal change. 
 
 


