
Calculations of exposure times for cyanotype and kallitype
sensitisers using focused 405nm laser pulse

Input light source details

M
mol

L


Laser wavelength λspot 405nm

Max continous power P 450mW

Area of spot Aexp 111.724 μm
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Ref. Ch.12. Quantitative Aspects of Siderotype Photochemistry, Fig 12.2 - Mike Ware 
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 molar
attenuation
coefficient

Wavelength (nm) Feλabsorb
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Ref. Ch.12. Quantitative Aspects of Siderotype Photochemistry, Fig 12.3 - Mike Ware 

 molar attenuation coefficient of Ammonium Iron(III) Oxalate;
(NH4)3[Fe(C2O4)3].3H2O
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Wavelength (nm) Ferriλabs
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Ref. App note -
5991-0388EN_AppNote
_Cary60_PotassiumFer
ricyanide

Absorption coefficients of ferricyanide;  [Fe(CN)6]3-
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Published  molar attenuation
coefficient at 420 nm ε420 1040

1

mol


1

cm


Extrapolate absorpbtion at
420nm

A420 interp cspline Ferriλabs AFerri  Ferriλabs AFerri 420  0.993

calculate concentration c420

A420

ε420 1 cm
9.55 10

4
 mol

calculate attenuation based on
single point molar attenuation
coefficient
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'New' method cyanotype uses;
Ammonium Iron(III) Oxalate - (NH4)3[Fe(C2O4)3].3H2O
Ammonium Ferricyanide - (NH4)3Fe(CN)6

reacts with light to give ferric ferrocyanide [Fe(CN)6]4 or
iron(III) hexacyanoferrate(II)

30g oxalate + 10g potasium ferricyanide, 15g potassim
oxalate disposed of, so assume keeping 20g of oxalate

Cyanotype calculations

Molar mass oxalate Fe(C2O4)3_3H2O 428.06
gm

mol


Density oxalate ρFe(C2O4)3_3H2O 1.78
gm

cm
3



mass oxalate Fe(C2O4)3_3H2Omass 20gm

solution volume Fe(C2O4)3_3H2Ovol 100mL

Molar mass ferricyanide (NH4)3Fe(CN)6 266.06
gm

mol


Density of potassium,
rather than the ammonium,
as data unavailable

ρ(NH4)3Fe(CN)6 1.89
gm

cm
3



(NH4)3Fe(CN)6mass 10gmmass ferricyanide
(NH4)3Fe(CN)6vol 100mLsolution volume

equal parts
A & BVtotal Fe(C2O4)3_3H2Ovol (NH4)3Fe(CN)6vol 0.2LTotal volume combined 

Concentration of oxalate M(NH4)3Fe(CN)6

(NH4)3Fe(CN)6mass

(NH4)3Fe(CN)6 Vtotal
0.188 M

Concentration of
ferricyanide

MFe(C2O4)3_3H2O

Fe(C2O4)3_3H2Omass

Fe(C2O4)3_3H2O Vtotal
0.234 M
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Light absorbtion - Cyanotype

molar attenuation coefficient of
photo sensitive Fe compound

εFe interp cspline Feλabsorb εFeIII  Feλabsorb εFeIII
λspot

nm












εFe 112.999 L mol
1

cm
1



Concentration of photoactive
component

CFe MFe(C2O4)3_3H2O 0.234 M

molar attenuation coefficient of
inert filter substance, silver,
potasium etc.

εm interp cspline Ferriλabs εFerri  Ferriλabs εFerri
λspot

nm












εm 972.602 L mol
1

cm
1



Concentration of inert
substance, calculated from
stoicheiometry ratio 1:1

Cm CFe 0.234 M

Layer thickness for typical
paper

d 0.024
L

m
2

24 μm

Beer-Lambert law: Optical
Density

D εFe CFe εm Cm  d 0.609

The fraction of incident light
absorbed by the photoactive
component only 

f
1 10

D
  εFe CFe d

D
7.846 %

molar coating weight Wpaper CFe d 5.607 10
3


mol

m
2



Exposure times - Cyanotype

wavelength λspot 405 nm

Pulse power P 450 mW

Area of spot Aexp 111.724 μm
2



Irradiance I
P

Aexp
4.028

mW

μm
2



Quantum yield for
frequency

ϕspot linterp λ ϕ
λspot

nm










1.14

Avagadros number Av 6.055 10
23

 mol
1



Plancks constant h 6.626 10
34

 J s

Speed of light c 2.998 10
8

 m s
1



Number of moles of
photo product mproduct Wpaper Aexp 6.264 10

13
 mol

exposure time t
Av h c mproduct

I ϕspot f λspot Aexp
4.622 μs
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Kalitype Calculations Kallitype method uses;

silver nitrate - AgNO3
ferric oxalate / iron (III) oxalate hexahydrate -
Fe2(C2O4)3-6H2O

to produce silver precipitate, that is then
substituted for more noble platinum, paladium, gold
or selenium

Molar mass oxalate Fe(C2O4)3_6H2O 483.84
gm

mol


Density oxalate ρFe(C2O4)3_6H2O 1.78
gm

cm
3



mass oxalate Fe(C2O4)3_6H2Omass 20gm 20% solution

solution volume Fe(C2O4)3_6H2Ovol 100mL

Molar mass silver nitrate AgNO3 169.87
gm

mol


Density silver nitrate ρAgNO3 4.35
gm

cm
3



AgNO3mass 10gm 10% solution 
mass silver

AgNO3vol 100mLsolution volume

Total volume combined Vtotal Fe(C2O4)3_6H2Ovol AgNO3vol 0.2L equal parts
A & B

MFe(C2O4)3_6H2O

Fe(C2O4)3_6H2Omass

Fe(C2O4)3_6H2O Vtotal
0.207 MConcentration of oxalate

Concentration of silver
nitrate MAgNO3

AgNO3mass

AgNO3 Vtotal
0.294 M
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Light absorbtion - Kalitype

εFe interp cspline Feλabsorb εFeIII  Feλabsorb εFeIII
λspot

nm










molar attenuation coefficient of
photo sensitive Fe compound

εFe 112.999 L mol
1

cm
1



Concentration of photoactive
component

CFe MFe(C2O4)3_6H2O 0.207 M

molar attenuation coefficient of
inert filter substance, silver,
potasium etc.

εm 0

εm 0 mol
1

cm
1



Concentration of inert
substance, calculated from
stoicheiometry ratio to the
trisoxalatoferrate(III)

Cm CFe 0.207 M

Layer thickness for typical
paper

d 24 μm

Beer-Lambert law: Optical
Density

D εFe CFe εm Cm  d 0.056

The fraction of incident light
absorbed by the photoactive
component only is a proportion
given by

f
1 10

D
  εFe CFe d

D
12.108 %

molar coating weight Wpaper CFe d 4.96 10
3


mol

m
2



Exposure times - Kalitype

wavelength λspot 405 nm

Pulse power P 450 mW

Area of spot Aexp 111.724 μm
2



Irradiance I 4.028
mW

μm
2



Quantum yield for
frequency

ϕspot 1.14

Avagadros number Av 6.055 10
23

 mol
1



Plancks constant h 0 J s

Speed of light c 2.998 10
8

 m s
1



Number of moles of
photo product mproduct Wpaper Aexp 5.542 10

13
 mol

exposure time t
Av h c mproduct

I ϕspot f λspot Aexp
2.65 μs
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