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Calculation of desorption energies according to Redheads equation as used for fig. 3 

𝐸𝑑 = 𝑅𝑇 (𝑙𝑛 (
𝜐𝑑𝑇

𝛽
) − 3.64)           with           𝜐𝑑 = 𝑇

𝑘𝑏

ℎ
 (eq. S1) 

Herein, 𝐸𝑑 is the desorption energy, 𝑅 denotes the universal gas constant, 𝑇 denotes the 

temperature of the desorption peak maximum, 𝜐𝑑 is the pre-exponential coefficient, 𝛽 gives 

the slope of the temperature ramp, 𝑘𝑏 is the Boltzmann constant while ℎ denotes the Planck 

constant. Generally, 𝜐𝑑 is often assumed to be 1013 𝑠−1, however, our own evaluation for the 

desorption of several small molecules from rutile surfaces indicated, that the term used here, 

which is derived from transition state theory, yields more precise values.[1, 2] For fig. 3, 𝜐𝑑 

ranges from 2.1 ∙ 1012 𝑠−1 (for 100 K) to 1.6 ∙ 1013 𝑠−1 (for 750 K). 
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Table S1: Overview on desorption features of unconverted methanol and possible 

products based on TPRS studies, as used for fig. 3. 

Compound Species and Conditions Desorption 

Temperature  

Reference 

methanol                

(no reaction) 

physisorbed multilayer 145 K 

144 K 

134 K 

145 K 

[3] 

[4] 

[5] 

[6] 

bilayer (adsorbed at Obr) 181 – 210 K 

193 K 

180 K, 170 K 

165 K 

[3] 

[7] 

[4] 

[6] 

monolayer (adsorbed at Ti5c) 293 – 310 K 

283 K 

268 K, 297 K 

295 K, 350 K, 480 K 

[3] 

[7] 

[4] 

[6] 

methane 

(deoxygenation) 

 616 K, 590 – 681 K 

667 – 720 K 

665 K 

[4] 

[3] 

[7] 

LT formaldehyde 

(partial oxidation) 

oxygen coadsorption 231 K, 263 K 

280 K 

 

[4] 

[3] 

 

HT formaldehyde 

(partial oxidation) 

oxygen coadsorption 640 K, 624 K 

654 – 670 K 

670 K 

[4] 

[3] 

[8] 

 

 

methane 

(deoxygenation) 

after UV irradiation 541 K, 607K; 576 K, 

643 K 610 K, 661 K 

[9] 

LT formaldehyde 

(partial photo-

oxidation) 

oxygen coadsorption, UV 

irradiation 

240 K 

236 K, 252 K  

(243 K and 263 K 

without O2) 

250 K 

[10] 

[9] 

 

 

[8] 
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Table S2: Overview on reactive and non-reactive desorption features after adsorption of 

small oxygenates on rutile TiO2 (110), as used in fig. 4. 

Compound Unconverted 

Desorption 

Deoxygenation 

or Dehydration 

Partial Oxidation Reference 

isopropanol 

 

 

 

 

(+UV) 

 

313 K, 306 K 

345 – 360 K 

315 – 410 K 

303 K 

 

298 K, 293 K 

309 K 

550 K, 542 K 

555-565 K 

560 – 580 K 

567 K, 625 K 

 

543 K  

567 K, 625 K 

 

 

 

 

 

192 K 

175 – 201 K 

[11] 

[12] 

[13] 

[14] 

 

[11] 

[14] 

ethanol 

 

(+UV) 

300 K, 345 K 630 – 517 K 610 K 

 

195 K 

[15]  

 

[16] 

ethylene 

glycol 

396 K 

450 K 

487 K, 635 K 

567 -620 K 

626 K 

630 K 

[15] 

[17] 

n-propanol 347 K 598-630 K 590 K [15] 

formaldehyde 

 

 

(+UV) 

270 – 300 K 

290 K, 268 K 

 

280 K 

306-286 K 

 

620 K 

 

615 K 

680 K 

 

268 K 

  

486 K, 580 K 

620 K 

[18] 

[19] 

 

[20] 

[21] 

 

 

Table S3: Dissociation energies for the respective homolytic bond cleavage in the free 

methanol molecule as derived from theoretical calculations (courtesy of Luca Gerhards, 

Def2-TZVP / CCSD(T)) 

Bond Dissociation Energy 

C-O 371.47 kJ mol-1 

C-H 400.46 kJ mol-1 

O-H 411.94 kJ mol-1 
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