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Equipment for the Production of PET radionuclide

Targets for production of F-18, C-11 and N-13
(with possibility of additional embedding of solid  targets)

F-18: physical and nuclear characteristics

✓ Low positron energy and short range in tissue (high 

resolution)

✓ 97% β+ decay

✓ high specific activity

✓ can be produced in large amount in a cyclotron (>10 Ci)

✓ can be labeled in high radiochemical yields

✓ allow transportation from production site to PET centers 

(T1/2= 109.7 min)

Cyclotron - 16,5 MeV GE PET Trace



Radiochemistry Requirements
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Fluorine-18 chemistry

20Ne(d,α)18F 18O(p,n)18F 
A solid target is bombarded and fluorine-18                                                                                     A liquid target is bombarded - enriched water with 18O, 

is obtained in the form of molecular fluorine gas                                                                            and fluorine-18 is obtained in the form of fluoride anion

[18F]F2                                                                                                                            [18F]F−

Electrophilic substitution                                                                                            Nucleophilic substitution
(Electrophilic radiofluorination)                                                                                           (Nucleophilic radiofluorination - SN2 or SNAr)

. 

Electrophilic 18F-fluorination Nucleophilic 18F-Fluorination 

[18F]F2 in gas form - possibility of contamination [18F]F− in liquid form - less chance of contamination

Molar activity typically in the range of 

100-500 MBq/μmol

High molar activity in the range of

500-5000 GBq/μmol

Radiochemical yield (RCY) up to 50% due to the 

presence of a non-radioactive atom [19F]

Radiochemical yield (RCY) up to 90% as a result of 

direct binding to precursor molecules

Highly reactive fluorine-18 gas Less reactive nature of fluorine-18

Several automated synthesis modules (GMP) Numerous automated  synthesis modules (GMP)

The utilization of nucleophilic [18F]F− ions in the F-18 radiopharmaceutical synthesis process has many 
advantages over fluorine gas [18F]F2
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Typical processing for 

preparation on [18F]F− ions 
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Fluorination4

Mannose triflate 
Precursor for [18F]FDG

Anhydrous condition

Aprotic polar solvent

18F
-

SN2 

nucleophilic 

substitution

[18F] fluorinated intermediate

K+[18F]F-

1H-imidazole-1-propanol, 2-nitro-β-[(tetrahydro-2H-

pyran-2-yl)oxy]-, 4-methylbenzenesulfonate (ester)

Precursor for [18F]FMISO

Anhydrous condition

Aprotic polar solvent

K+[18F]F-

SN2 

nucleophilic 

substitution

Leaving group

Leaving group

Protecting 

group

Protecting 

group

[18F] fluorinated intermediate

3 min, 85 ° C

10 min, 120 ° C



Removing protective groups5

NaOH
Glucose, 18F-Fluoro Deoxy Mannose

Mannose, Triflate, K2,2,2 ; K+ e.t.c+
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-
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[18F] fluorinated intermediate

[18F] fluorinated intermediate

HCl
+

Desmethylmisonidazole, 1-chloro-3-(2-nitro-

1H-imidazol-1-myl)propan-2-ol, K2,2,2 ; K+ e.t.c
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-
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-

Hydrolysis

Hydrolysis

[18F]Fluorodeoxyglucose
([18F]FDG)

[18F]Fluoromisonidazole
([18F]FMISO)



Purification and final formulation



R & D Spending and New 18F-radiopharmaceuticals Development

First step

Developing a new and efficient 

automated radiosynthesis method takes 

time and therefore, planning is key! 

The capacity of the cassette (i.e. the 

number of reagents and consumables it 

can hold) is an important consideration 

when deciding how to best automate a 

radiosynthesis.



R & D Spending and New 18F-radiopharmaceuticals Development

[19F]F− chemistry practices – for analysis of the reaction mixture at different steps of synthesis (before/after fluorination 

reaction, unhydrolyzed/hydrolyzed intermediate mixture, unpurified product mixture) 

Before fluorination, after transferring the precursor (at first min) 

Five min after starting the fluorination

At the end of fluorination (after 10 min, post labeled unhydrolyzed 

intermediate reaction mixture)

After drying of the acetonitrile (before hydrolysis)



R & D Spending and New 18F- radiopharmaceuticals Development

Waste wash out elution sample

Final purified product solution 

At the end of hydrolysis (hydrolyzed and unpurified mixture)





Мultidisciplinary teams of cyclotron engineers, chemists - radiochemists, quality control specialist,

quality assurance specialists, pharmacists, PET technologists, medical physicists, nuclear medicine 

specialist and radiology specialist


