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Deoxygenation protocol for [Ru(bpy)3]
2+

 solution: 

Step 1: Degas the sample during 25-30 min with Ultrasonic Baths device in degas mode 

(Fisher Scientific) 

Step 2: Bubble with Nitrogen for 5-10 min 

Step 3: Degas the sample (closed container) during 25-30 min with ultrasound device (degas 

mode) 

Step 4: Bubble with Nitrogen for 5-10 min & Take off solution with a syringe (to avoid any 

contact with atmosphere) 

Step 5: Under inert atmosphere, fill up the airtight thermos-regulated cell (to avoid any 

contact with atmosphere) 

Step 6: Close the airtight cell for measurement. 

  



 

Fig S1 : Left. Fluorescence spectra of a mixture of Rhodamine 110 (λmax = 523 nm) and Rhodamine B (λmax = 

567 nm) in Methanol at different temperatures. Right. Calibration curve showing the ratio  𝐼𝑚𝑎𝑥
𝑅ℎ𝐵 𝐼𝑚𝑎𝑥

𝑅ℎ110⁄ versus 

the temperature. Linear regression Y = A + B*X; R = -0.996; A = 3.49588 ± 0.07452; B = -0.0086 ± 0.00025. 

Inset: Chemical Structure of (bottom) Rhodamine 110 (bottom) and (top) Rhodamine B. 

  

 

Fig. S2 : Fluorescence spectra of a mixture of Rhodamine 110 at 0.2 µM and Rhodamine B at 2 µM in methanol 

(SGT = 423 K, SGF = 3 L/min) at several positions for axial temperature profiles through the center of the spray. 
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Fig. S3 : Typical Fluorescence decay of a solution of [Ru(bpy)3]
2+

 at 0.1 mM in methanol ( SGT = 423 K, SGF = 

3 L/min ) at several positions for axial temperature profiles through the center of the spray. 

 

 

Fig S4 : Left. Fluorescence decay of a solution of [Ru(bpy)3]
2+

 in Methanol for different temperatures. Right. 

Calibration curves showing the fluorescence lifetime of [Ru(bpy)3]
2+

 in methanol versus the temperature. Linear 

regression: Y = A + B*X; R = -0.996; A = 7379.7955 ± 142.8738; B = -23.00829 ± 0.48099 

Inset : (top) absorbance and fluorescence spectrum of [Ru(bpy)3]
2+

 (bottom) Chemical Structure of [Ru(bpy)3]
2+
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Fig S5 : Images of fringes resulted from the Mie scattering of the laser beam by micro-droplets of water. 

Projection of the intensity of the scattered light regarding the scattering angle (black curve) and comparison with 

the simulation (red curve) using Mie theory. Droplets are produced by a droplet generator. 

 

 

Fig S6 : (a), (b), (c), Images of fringes resulted from the Mie scattering of the laser beam by the micro-droplets at 

several locations (X,Y) at the edge of the ESI plume. (d), (e), (f), Respective projection of the intensity of the 

scattered light as a function of the scattering angle (black curve) and comparison with the simulation (red curve) 

using Mie theory. Droplets are produced by spraying a mixture of Rhodamine 110 at 0.2 µM and Rhodamine B 

at 2 µM in methanol (SGT = 423 K, SGF = 3L/min). 
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Fig S7 : Positive ion mode ESI-MS spectrum of 1x10-4 M [Ru(bpy)3]
2+

in MeOH. An ion count of 7.91 10
6
 is 

measured.   

Max : 
7.91045E+006

[Ru(bpy)3]2+  (C30H24N6Ru)

{ [Ru(bpy)3]2+ + Cl- }



 

 

 

Fig. S8 : Typical Fluorescence decay of a solution of [Ru(bpy)3]
2+

 in methanol  for three different concentrations 

of dye.  
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Fig. S9 : Fluorescence lifetime of rhodamine 110 in methanol recorded along the center of the spray 
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Fig. S10 : a) XY profiles from Time-Resolved Fluorescence of a solution of [Ru(bpy)3]
2+ at 0.1 mM in methanol (SGF = 7 

L/min, SGF = 7 L/min) for three different sheath gas flow rates. (b) Axial temperature profiles at the edge of the spray and 

(c) lateral temperature profile at X = 7.5 mm. 
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Fig. S11 : Droplet size along an edge of the ESI plume recorded from (left) a methanol (SGT = 423 K, SGF = 7 

L/min) and from (right) a methanol solution (SGT = 523 K, SGF = 7 L/min) 

 

 

 

Fig. S12 : Correlation between the temperature and the droplet size along an edge of the ESI plume 

for methanol (SGT = 423 K, SGF = 7L/min ) for two different sampling flow rates.    

0 2 4 6 8 10 12 14 16

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5
D

ro
p

le
t 
S

iz
e

 (

m

)

Edge (mm)

0 2 4 6 8 10 12 14 16

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

 Experimental Data

 Extrapolated Data

D
ro

p
le

t 
S

iz
e

 (

m

)

Edge (mm)

7 6 5 4 3 2

295

300

305

 0.05mL/min

 0.2 mL/min

 Droplet Size (m)

T
e

m
p

e
ra

tu
re

 (
K

)



Modeling: Diffusion Controlled Evaporation Model 

Davies, C. N. Evaporation of Airborne Droplets. In Fundamentals of Aerosol Science; Shaw, 

D. T., Ed.; Wiley−Interscience: New York, 1978; pp 135−164. 

 

Stephen C. Gibson, Charles S. Feigerle, and Kelsey D. Cook, Fluorometric Measurement and 

Modeling of Droplet Temperature Changes in an Electrospray Plume, 

dx.doi.org/10.1021/ac402364g, Anal. Chem. 2014, 86, 464−472 

 

Condition for the Diffusion Controlled Evaporation Model (DCEM) or Surface Controlled 

Evaporation Model (SCEM): 

Surface controlled Evaporation Model for  

𝑎 < 𝑎𝑐 =
4

3

𝜆

𝛼
 ~ 0.1um* 

α evaporation coefficient  

 (*For methanol in Cook’s conditions ~0.9) 

λ mean free path of vapor molecules 

 (*In Cook’s conditions ~ 0.06 µm) 

 

The evolution of the temperature at the surface of an evaporating droplet can be expressed for 

the DCEM as:  

𝑑𝑇𝑎 =
3

𝑎2𝜌′𝑐𝑚′
 
𝛿𝑋

𝑣
 {𝑘(𝑇∞ − 𝑇𝑎) − 𝑙′𝐷

𝑀

𝑅𝑚
 (

𝑃𝑎

𝑇𝑎
−

𝑃∞

𝑇∞
)} 

Indeed, for the evaporation process of a droplet in a heated surrounding medium, r two major 

phenomena have to be considered : the conduction, i.e. the heat transfer from the surrounding 

medium to the liquid (when the temperature of the surrounding medium is greater than the 

temperature of the droplet) and the evaporation of the droplet (endothermic transition). If we 

assume the quasi-steady state conditions, over a short time period, the evolution of the 

temperature is given by 

 

𝑑𝑇𝑎 =  
|𝐻𝑒𝑎𝑡 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟 𝑓𝑟𝑜𝑚 𝑐𝑜𝑛𝑑𝑢𝑐𝑡𝑖𝑜𝑛| − |𝐻𝑒𝑎𝑡 𝑡𝑟𝑎𝑛𝑠𝑓𝑒𝑟 𝑓𝑟𝑜𝑚 𝑒𝑣𝑎𝑝𝑜𝑟𝑎𝑡𝑖𝑜𝑛|

𝑚𝑐𝑚′
 

CONDUCTION: 

The heat flux density (𝑗𝑐𝑜𝑛𝑑) is given by the first Fick’s law: 

𝑗𝑐𝑜𝑛𝑑⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗ = − 𝑘 𝑔𝑟𝑎𝑑⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  (𝑇) 



The heat flux density can be seen as the time derivative of the conductive heat over the 

surface of the droplet, and considering the geometry of the system,  

|
𝑄𝑐𝑜𝑛𝑑

̇

𝑆
| =  𝑘 (

𝜕𝑇

𝜕𝑟
)
𝑎
 

In order to evaluate the derivative in the right hand-side, we can give the second Fick’s law:   

𝜕𝑇

𝜕𝑡
=

𝑘

𝑐m𝜌
(
2

𝑟

𝜕𝑇

𝜕𝑟
+

𝜕²𝑇

𝜕𝑟²
) 

Near the surface of the droplet (steady state condition): 
𝜕𝑇

𝜕𝑡
= 0  then, 

𝜕𝑇

𝜕𝑡
=  𝑘 (

2

𝑟

𝜕𝑇

𝜕𝑟
+

𝜕²𝑇

𝜕𝑟²
) = 0  ⇒    

2

𝑟

𝜕𝑇

𝜕𝑟
+

𝜕²𝑇

𝜕𝑟²
= 0  ⇒     

𝜕𝑇

𝜕𝑟
=  

𝐴

𝑟²
 

∫ 𝑑𝑇 =
𝑇∞

𝑇𝑎

∫
𝐴

𝑟²
𝑑𝑟 

∞

𝑎

 

(𝑇∞ − 𝑇𝑎) =  [−
𝐴

𝑟
]
𝑎

∞

=
𝐴

𝑎
 

𝜕𝑇

𝜕𝑟
=  

𝑎(𝑇∞ − 𝑇𝑎)

𝑟²
 

(
𝜕𝑇

𝜕𝑟
)
𝑎

=  
1

𝑎
(𝑇∞ − 𝑇𝑎)  

So that:  

𝛿𝑄𝑐𝑜𝑛𝑑 = 𝑆𝑘
1

𝑎
(𝑇∞ − 𝑇𝑎)𝛿𝑡 = 4𝜋𝑎𝑘(𝑇∞ − 𝑇𝑎) 

𝛿𝑋

𝑣
 

 

EVAPORATION: 

Mass flux density (𝑗𝑚𝑎𝑠𝑠) is given by the first Fick’s law: 

𝑗𝑚𝑎𝑠𝑠⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ = − 𝐷 𝑔𝑟𝑎𝑑⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  (𝑐) 

Similarly,  

|
𝑄𝑒𝑣𝑎𝑝

̇

𝑆
| = |

𝑙�̇�

𝑆
| = − 𝑙𝐷 (

𝜕𝑐

𝜕𝑟
)
𝑎
 

The second Fick’s second law gives 

𝜕𝑐

𝜕𝑡
= 𝐷 (

2

𝑟

𝜕𝑐

𝜕𝑟
+

𝜕2𝑐

𝜕𝑟²
) 

Near the surface of the droplet (steady state condition): 
𝜕𝑐

𝜕𝑡
= 0  and perfect gas hypothesis 



 

(
𝑑𝑐

𝑑𝑟
)
𝑎

=  
1

𝑎
(𝑐∞ − 𝑐𝑎) =

𝑀

𝑎𝑅𝑚
(
𝑃∞

𝑇∞
−

𝑃𝑎

𝑇𝑎
) 

So that:  

𝛿𝑄𝑒𝑣𝑎𝑝 = −𝑆𝑙𝐷
𝑀

𝑎𝑅𝑚
(
𝑃∞

𝑇∞
−

𝑃𝑎

𝑇𝑎
) 𝛿𝑡 =  − 4𝜋𝑎𝑙𝐷

𝑀

𝑅𝑚
(
𝑃∞

𝑇∞
−

𝑃𝑎

𝑇𝑎
)  

𝛿𝑋

𝑣
 

Finally: 

𝑑𝑇𝑎 =
|𝛿𝑄𝑐𝑜𝑛𝑑| − |𝛿𝑄𝑒𝑣𝑎𝑝|

4
3 𝜋𝑎3𝜌′𝑐𝑚′

 

𝑑𝑇𝑎 =
3

𝑎2𝜌′𝑐𝑚′
 
𝛿𝑋

𝑣
 {𝑘(𝑇∞ − 𝑇𝑎) − 𝑙′𝐷

𝑀

𝑅𝑚
 (

𝑃𝑎

𝑇𝑎
−

𝑃∞

𝑇∞
)} 



Table SI parameters used for computation: 



 

 

 

For Methanol with Nitrogen as surrounding gas: 

𝑘( 𝑇 ) = 0.00478 + 6.92696.10-5 x T -6.47038.10-9  x T2       

D( Tr= 298.15 K ) = 0.155 

l'0 = 45.3  = -0.3100   = 0.4241 Tc = 512.6 K   

A = 8.0809, B = 1582.27, C = 239.7 


