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Figure S1. The schematic diagram of the ATBDI system. 1 – cross-shaped glass nebulizer; 2 – liquid 
reservoir; 3 – outlet of the nebulizer; 4 – suction capillary; 5 – vacuum chamber; 6 – internal heater; 7 – 
inlet capillary of the mass spectrometer. Qs – spray flow rate; Qp – pumping flow rate; Qd – blown flow 
rate. Fragmentor defines the collision-induced dissociation in source (CID).
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Figure S2. The structural formulas of the compounds used in the article: 1 – cocaine, 2 – heroin, 3 – 
codeine, 4 – papaverine, 5 – morphine, 6 – thebaine, 7 – narcotine.
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Figure S3. The dependence of the peak m/z 304 intensity on the Tsuction for the ATBDI method at the 
fragmentor voltage – 250 V. Cocaine solution in water (10–4 g mL-1) was used. The solid line is to guide 
the eye.

Figure S4. The mass spectrum of the aqueous solution of cocaine (10–4 g mL-1), obtained by the ESI 
method at the fragmentor voltage 250 V. 
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Figure S5. The dependence of the peak m/z 304 intensity on the concentration of cocaine aqueous 
solution (double logarithmic scale). Circles: ATBDI, Tsuction = 200 °C (blue – the fragmentor voltage10 V; 
black – the fragmentor voltage100 V). Triangles: ESI, (green – the fragmentor voltage 10 V; red – the 
fragmentor voltage 100 V).

Figure S6. The dependence of the papaverine peak intensity (m/z 340, [M+H]+) on Tsuction for the ATBDI 
method. The fragmentor voltage: 1 – 100 V; 2 – 10 V; 3 – 0 V. For curve 2 and 3 the intensity is 
increased in 20 times for clarity. A solution of papaverine in water (10–6 g mL-1) was used.
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Figure S7. The mass spectra of aqueous solutions of papaverine, obtained by the ATBDI method at the 
fragmentor voltage 100 V (a) and 250 V (b). The concentration of papaverine was 10–4 g mL-1, Tsuction = 
200 °C.

Figure S8. The dependences of the peak intensities of protonated heroin (m/z 370) on concentration in 
aqueous solution using the ATBDI method. The temperature of the suction capillary was Tsuction = 200 °C. 
The voltage on the fragmentor was 250 V.



S-7

Figure S9. The ESI mass spectra of opium solutions: a – water/acetonitrile = 50/50 (v/v), fragmentor 
voltage – 100 V, the opium concentration is 10–4 g mL-1; b – water/acetonitrile = 10/100 (v/v), fragmentor 
voltage – 100 V, the opium concentration is 10–4 g mL-1. Signals at m/z 286, 300, 312, 340 and 414 are 
assigned to protonated morphine, codeine, thebaine, papaverine, and narcotine, respectively. 

Figure S10. The dependencies of the morphine and codeine peaks intensities on Tsuction for the aqueous 
solution of opium for the ATBDI method: 1 – protonated morphine (m/z 286, [M+H]+); 2 – protonated 
codeine (m/z 286, [M+H]+); 3 – the curve 2 multiplied by 2.5. The fragmentor voltage – 100 V, the 
concentration of opium in water – 10-5 g mL-1.


