
Giada’s slide – you will see it again

At higher T, elimination of H2O also creates more 
refractory polyphosphates HxPyOz that could 
precipitate.

PH3 PH4
+ + HSO4

-

H2SO4 <> H3SO4
+ + HSO4

-

PH3 H3PO4 + H2S  ? (at least it balances)

Does PH3 dissolve or react?  A matter for experiment

Solid sulphur trioxide oxidises phosphine to red phosphorus.
E. Fluck, The Chemistry of Phosphine, 1972. 

But Fluck does not mention a reaction of PH3 with H2SO4.
Indeed, PH3 in 98% H2SO4 + (CH3)4PCI at -43C is stable.



Hyman MR, Arp DJ, Quantification and Removal of Some Contaminating Gases from Acetylene Used to Study 
Gas-Utilizing Enzymes and Microorganisms.  Applied and Environmental Microbiology, 53, 298-303 (1987)

Commercial C2H2 prepared from CaC2 typically contains ~600 ppm PH3.  PH3 is efficiently 
removed by concentrated sulfuric acid scrubbing followed by treatment with 5 M NaOH “to 
remove any SO2 or H2S”

PH3 is not very soluble in H2O, but it can be protonated in a strong acid

PH3 + H2O  <>  PH4
+ +  OH- k=6x10-28

On the other hand, this might not apply for the extremely concentrated Venerian droplets,
where the relevant protonation would be 

PH3 + H2SO4 <>  PH4
+ + HSO4

-



“Phosphine is extremely poisonous. The maximum concentration of phosphine in the 
atmosphere must not exceed 0.1 ppm for an 8 h working day. The smell of phosphine is 
first noticeable when the concentration reaches or exceeds about 2 ppm.  A concentration 
of 50 - 100 ppm can only be withstood for a very short time without damage, a 
concentration of 400 ppm leads rapidly to death”  

E. Fluck, The Chemistry of Phosphine (1972).

Good to know:

Does PH3 dissolve or react in sulfuric acid droplets?  A matter for experiment

XX



The “Confidence of Life Detection” 

(CoLD) scale

Green et al. (2021)

An example of a progressive scale for 

communicating and assessing the 

nature of results that may provide 

evidence for life beyond Earth.



What is the nature of phosphine on Venus?

Is there phosphine in the 

Venus atmosphere?

If so, at what altitudes?

Are there other 

P-bearing species?



If phosphine on Venus were shown to be 
biotic, what might that mean for life?

• Note: this is a big IF (see Omran et al. 2021)
• Phosphine on Earth has not been demonstrated to be generated by biology 

• In contrast to 8e- reduction of SO4
2-, CO2, NO3

-, which take place in 1-2 
electron transfers (S6+

→ S4+
→ S2+

→ S0
→ S-

→ S2-), no analogous pathway 
for phosphate has been demonstrated

• Phosphine on earth is globally found at ~ 1 ng/m3, about 1000-10000× less 
than the possible observation on Venus

• What does this mean for life?
• If life is doing this, then three possible routes:

Reduced P
PH3

Reduced P

Phosphate
Iverson 1968

Han et al. 2002

?

Phosphate



Projecting terrestrial bio P to Venus

• Redfield ratio states 106:16:1 C:N:P in marine microorganisms (not far from 
this ratio globally)
• Biosphere of Venus could be >1014 kg C if disproportionation is used to generate 

biophosphate

• Most phosphine is associated with anaerobic environments (CH4/PH3
~103.5-1011, average ~ 106), unless microbes are fed a reduced P source 
(Jenkins et al. 2000, Han et al. 2002, Ma et al. 2019, Eismann et al. 1997, Chen et al. 2017, Rutishauser

and Bachofen 1999)

• Speculation: if life is the source of phosphine, it’s probably extracting 
energy from disproportionation and conserving the phosphate for 
biomolecules
• May support biomass of 106-109 kg



What is the nature of phosphine on Venus?

Is there phosphine in the 

Venus atmosphere?

If so, at what altitudes?

Are there other 

P-bearing species?



Galileo Probe Mass Spectrometer
Niemann et al (1998)

Results deemed inconclusive due 
to interference from:

• H2S = 90 (± 20) ppm 

• 13C12CH6

• SiH4


