
This document is the Accepted Manuscript version of a Published
Work that appeared in final form in ACS Applied Materials and
Interfaces, copyright © American Chemical Society after peer
review and technical editing by the publisher. To access the final
edited and published work see:
https://dx.doi.org/10.1021/acsami.8b00557.



Photothermal Activation of Metal-Organic Frameworks Using a UV-

Vis Light Source 

Jordi Espín,† Luis Garzón-Tovar,† Arnau Carné-Sánchez,† Inhar Imaz,*† and Daniel Maspoch*†‡ 

†Catalan Institute of Nanoscience and Nanotechnology (ICN2), CSIC and The Barcelona Institute of Science and Technolo-

gy, Campus UAB, Bellaterra, 08193 Barcelona, Spain 

‡ICREA, Pg. Lluís Companys 23, 08010 Barcelona, Spain 

 

ABSTRACT: Metal-Organic Frameworks (MOFs) usually require meticulous removal of the solvent molecules to unlock their 

potential porosity. Herein we report a novel one-step method for activating MOFs based on the photothermal effect induced by 

directly irradiating them with a UV-Vis lamp. The localized light-to-heat conversion produced in the MOF crystals upon irradiation 

enables a very fast solvent removal, thereby significantly reducing the activation time to as low as 30 min and suppressing the need 

for time-consuming solvent-exchange procedures and vacuum conditions. This approach is successful for a broad range of MOFs, 

including HKUST-1, UiO-66-NH2, ZIF-67, CPO-27-M (M = Zn, Ni, and Mg), Fe-MIL-101-NH2, and IRMOF-3, all of which ex-

hibit adsorption bands in the light emission range. In addition, we anticipate that this photothermal activation can also be used to 

activate covalent-organic frameworks (COFs) 

Keywords: Metal-organic framework, photothermal effect, activation, UV-Vis light, permanent porosity. 

INTRODUCTION 

Metal-organic frameworks (MOFs) are a class of porous 

crystalline materials built from the coordination of organic 

linkers and metal ions or clusters.1-3 One of the main features 

of these materials is their high and tuneable porosity, which 

makes them good candidates for multiple applications, includ-

ing gas storage and separation,4, 5 catalysis,6 sensing7 and drug 

delivery,8 among many others. However, a prerequisite before 

using MOFs in any of these applications is their activation or, 

in other words, the removal of all guest molecules located in 

their pores. These molecules can be either bound to the metal 

ions or residual from the synthesis solvent. The most common 

activation process currently entails a first step of solvent ex-

change, in which the solvents employed in the MOF synthesis 

and located in the pores are replaced by more volatile ones, 

followed by thermal evacuation of the solvent molecules by 

applying heat and/or vacuum. In other cases, in which this 

process damages the crystalline integrity of MOFs, milder 

alternative processes such as supercritical CO2 drying, freeze 

drying and chemical treatment have proved useful.9 However, 

most of these activation methods consist of multiple steps, 

require expensive equipment and/or suffer from extensive use 

of solvents and time. Thus, while many efforts have been 

devoted to optimize MOF syntheses in terms of cost, safety 

and environmental criteria, there is a lack of alternative one-

step activation protocols that can be applied to as-synthesized 

MOFs. 

Light-to-heat conversion (also known as the photothermal 

effect) has significant potential in evaporation processes due to 

the local nature of the heat generated, thereby minimizing heat 

diffusion and energy loss. This principle has already been 

employed in water evaporation devices by using inorganic 

nanoparticles,10-12 polymers13 and carbon based materials14 as 

light-induced heaters. In MOFs, light has been exploited to 

trigger gas release15-18 and in catalytic processes.19-

21_ENREF_19 Herein, we report that this principle can be 

applied to activate as-synthesized MOFs in a single-step —

suppressing any solvent-exchange procedure— by showing 

that, when irradiated with high-intensity UV-Vis light, MOFs 

exhibiting adsorption bands in the range 300-650 nm (light 

emission range) reach high temperatures (above 120 °C) with-

in minutes, and that this localized heat can efficiently remove 

the trapped and coordinated solvent molecules from the MOF 

structure, thereby generating activated MOFs in unprecedent-

edly short times at atmospheric pressure (Figure 1a). We have 

demonstrated this concept by activating several MOFs cover-

ing the most representative subfamilies, including HKUST-1, 

UiO-66, UiO-66-NH2, ZIF-8, ZIF-67, CPO-27-M (M = Zn, 

Ni, and Mg), Fe-MIL-101-NH2, and IRMOF-3. In all cases, 

the activated MOFs retain their crystallinity and show BET 

surface areas (SBET) comparable to the highest reported values. 

Moreover, a covalent-organic framework (COF-TAPB-

BTCA) was activated using this method, suggesting that this 

concept could be extended to other COFs. 

 

EXPERIMENTAL SECTION 

Materials and instrumentation 

Reagents and solvents were purchased from Sigma 

Aldrich and Fisher Scientific, respectively, and used 

without further purification. Deionized water was ob-

tained using a Milli-Q system (18.2 MΩ cm). X-ray pow-

der diffraction (XRPD) patterns were collected using an 

X’Pert PRO MPDP analytical diffractometer (Panalytical) 

at 45 kV and 40 mA with a CuKα radiation source (λ = 
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1.5419 Å). Nitrogen adsorption measurements were car-

ried out at 77 K using an Autosorb-IQ-AG analyser 

(Quantachrome Instruments). Solid-state UV-Vis spectra 

were recorded using a Cary 4000 spectrophotometer (Ag-

ilent Technologies) in the wavelength range 200-800 nm, 

previously preparing KBr pellets of the samples. The UV-

Vis high-intensity spot lamp without filter (300-650 nm) 

was a Bluepoint 4 Ecocure (Hönle UV Technology), and 

the infrared camera was a PI 450 (Optris), working in a 

temperature range of 0-250 °C. Data were obtained using 

the PI Connect software. 

 

Synthetic procedures 

Synthesis of HKUST-1. In a typical synthesis,22 a so-

lution of 2 g (8.5 mmol) of Cu(NO3)2·2.5H2O  and 1.20 g 

(5.5 mmol) of 1,3,5-benzenetricarboxylic acid (BTC) in 

50 mL of a mixture of dimethylformamide (DMF), etha-

nol and water (1:1:1) was spray-dried in a B-290 Mini 

Spray-dryer (BÜCHI Labortechnik) at a feed rate of 4.5 

mL·min-1, a flow rate of 336 mL·min-1 and an inlet tem-

perature of 180 °C, using a spray-cap with a 0.5 mm-

diameter hole. After 12 min, 2.13 g of blue powder was 

collected. This powder was washed several times with 40 

mL of methanol and recovered by centrifugation. The 

final product was air-dried. 

Synthesis of UiO-66. In a typical synthesis,23 0.68 g 

(2.9 mmol) of ZrCl4 in 15 mL of a mixture of DMF and 

water (5.48:1 v/v) was added to a solution of 0.48 g (2.9 

mmol) of benzene-1,4-dicarboxylic acid (BDC) in 15 mL 

of DMF. The resulting mixture was heated at 120 °C 

under stirring for 2 h. The solid obtained was collected by 

centrifugation, washed twice with 20 mL of DMF and 

twice with 20 mL of absolute ethanol, and finally air-

dried overnight. 

Synthesis of UiO-66-NH2. In a typical synthesis,23 3.5 

mL of 37% HCl was added to a solution of 1.17 g (5 

mmol) of ZrCl4 and 0.91 g (5 mmol) of 2-

aminoterephthalic acid (NH2-BDC) in 50 mL of DMF. 

The resulting mixture was heated at 120 °C under stirring 

for 2 h. The solid obtained was collected by centrifuga-

tion, washed twice with 20 mL of DMF and twice with 20 

mL of absolute ethanol, and finally air-dried overnight. 

Synthesis of ZIF-8. In a typical synthesis,24 a solution 

of 0.30 g (1.4 mmol) of Zn(OAc)2·2H2O in 5 mL of de-

ionized (DI) water was added to a solution of 1.12 g (13.6 

mmol) of 2-methylimidazole (2-MIM) in 5 mL of DI 

water. The resulting mixture was homogenised by stirring 

for a few seconds, then the mixture was left to stand at 

room temperature for 6 h. White crystals were recovered 

by centrifugation, washed three times with 20 mL of 

methanol, and finally air-dried. 

Synthesis of ZIF-67. In a typical synthesis,24 a solu-

tion of 0.60 g (2.4 mmol) of Co(OAc)2∙4H2O in 5 mL of 

DI water was added to a solution of 2.24 g (27.3 mmol) of 

2-MIM in 5 mL of DI water. The resulting mixture was 

homogenised by stirring for a few seconds, then the mix-

ture was left to stand for 2 h at room temperature. Purple 

crystals were collected by centrifugation, washed three 

times with 20 mL of methanol, and finally air-dried. 

Synthesis of CPO-27-Zn. In a typical synthesis,25 a 

solution of 0.36 g (1.8 mmol) of 2,5-

dihydroxyterephthalic acid (DHTA) in 5.0 mL of sodium 

hydroxide solution (0.29 g, 7.3 mmol) was added to a 

solution of 0.79 g (3.6 mmol) of Zn(OAc)2·2H2O in 5.0 

mL of DI water. The resulting yellow suspension was 

stirred for 60 min at room temperature. The product was 

collected by centrifugation, washed twice with DI water 

(30 mL) and twice with 30 mL of methanol, and finally 

air-dried overnight. 

Synthesis of CPO-27-Ni. In a typical synthesis,25 a 

solution of 0.09 g (0.5 mmol) of DHTA in 10.0 mL of 

sodium hydroxide solution (0.07 g, 1.8 mmol) was added 

to a solution of 0.22 g (0.88 mmol) of Ni(OAc)2·4H2O in 

10.0 mL of DI water. The resulting green solution was 

stirred at room temperature for 24 h. The product was 

collected by centrifugation, washed three times with 30 

mL of DI water and three times with 30 mL of methanol, 

and finally air-dried overnight. 

Synthesis of CPO-27-Mg. In a typical synthesis,25 a 

solution of 0.18 g (0.9 mmol) of DHTA in 5.0 mL of 

sodium hydroxide solution (0.15 g, 3.8 mmol) was added 

to a solution of 0.48 g (2.2 mmol) of Mg(OAc)2·4H2O in 

5.0 mL of DI water. The resulting green suspension was 

stirred for 6 h at room temperature. The product was col-

lected by centrifugation, washed three times with 30 mL 

of DI water and three times with 30 mL of methanol, and 

finally air-dried overnight. 

Synthesis of Fe-MIL-101-NH2. The synthesis was 

adapted from reported procedures.26 Thus, 0.68 g (2.5 

mmol) of FeCl3·6H2O in 7.5 mL of DMF was added to a 

solution of 0.225 g (1.2 mmol) of NH2-BDC in 7.5 mL of 

DMF and the resulting mixture heated at 120 °C for 24 h. 

The solid obtained was collected by centrifugation, then 

washed three times with 20 mL of DMF and twice with 

20 mL of absolute ethanol. The resulting powder was air-

dried overnight. To eliminate most of the free NH2-BDC, 

the product was dispersed in DMF at 110 °C under stir-

ring for 8 h and precipitated by centrifugation. This pro-

cess was repeated three times.  

Synthesis of IRMOF-3. The synthesis was adapted 

from reported procedures.27 Thus, 1.20 g (4 mmol) of 

Zn(NO3)2∙6H2O and 0.30 g (1.6 mmol) of NH2-BDC were 

dissolved in 40 mL of DMF. The solution was divided 

into 8 scintillation vials and heated at 100 °C for 24 h in 

an oven. Crystals were harvested from the bottom of these 

vial, then washed twice with 10 mL of DMF and 10 mL 

of chloroform. Dried crystals were kept under an argon 

atmosphere.  

Synthesis of COF-TAPB-BTCA. COF-TAPB-BTCA was 

synthesized following a previously reported method.28 In a 
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typical synthesis, 0.03 g (0.2 mmol) of 1,3,5-

benzenetricarbaldehyde (BTCA) in 12.5 mL of acetone and 

2.5 mL of acetic acid was added to a solution of 0.06 g (0.2 

mmol) of 1,3,5-tris-(4-aminophenyl)benzene (TAPB) in 12.5 

mL of acetone. The resulting mixture was stirring for 1 h. The 

obtained yellow solid was collected by centrifugation, washed 

two times with 20 mL of acetone and two times with 20 mL of 

THF. After that, the solid was dispersed in a mixture of 1,4-

dioxane and mesitylene (9:1 v/v), adding 1.75 mL of water 

and 2.6 mL of acetic acid under continuous stirring at room 

temperature. The resulting mixture was heated at 80 °C under 

stirring for 8 days. The obtained solid was collected by cen-

trifugation at 9000 rpm for 4 min, washed three times with 10 

mL of toluene, and finally air-dried. 

Light guide to sample distance effect. It is known 

that the irradiance of a lamp changes depending on the 

proximity of the irradiated body. To assess the light inten-

sity received per surface unit of MOF in our activation 

experiments, the detector of a power meter (Newport 

1918-C) was systematically placed at different distances 

(3, 4, 5, 6,7, 8 and 9 cm), the UV-Vis lamp turned on at 

100 % power and the irradiance measured for each dis-

tance. Figure S1 shows the irradiance (mW·cm-2) as a 

function of the inverse squared distance (cm-2), which 

follows the inverse-square law (I α 1 / r2).29, 30 

Photothermal effect characterization. 100 mg of 

each MOF was spread on a quartz slide to form a thin 

round layer with the largest possible surface area (diame-

ter of between 2 and 3.5 cm) at a distance of 7 cm from 

the light guide, which corresponds to an irradiance of 500 

mW·cm-2. The infrared camera was placed next to the 

irradiation setup focusing on the MOF sample, and video 

recording was started just before the UV-Vis lamp was set 

to 100 % intensity. The recorded video allowed the tem-

perature change to be plotted against time. The blank 

experiment involved irradiating the quartz slide holder 

alone and proved that there was no change in temperature. 

UV-Vis activation procedure. In a typical UV-Vis 

activation experiment, 100 mg of each MOF was first 

placed in a three-neck round-bottomed flask. The light 

guide was then introduced via the central neck and placed 

at a distance of 7 cm from the MOF sample. In some 

cases, the separation between the MOF and the light guide 

was reduced to 5 cm and 3 cm, corresponding to irradi-

ances of 900 and 2650 mW·cm-2, respectively. The neck 

was then wrapped with parafilm. Both side necks were 

capped with a septum and a needle. One of these necks 

was used as the gas inlet attached to the argon tube, 

whereas the other served as the gas purge. Once the argon 

flow had been adjusted (8 Normal Liter Per Minute 

(NL·min-1)), the UV-Vis lamp was turned on, irradiating 

the MOF sample for the desired time at 100 % intensity 

(Figure S2). When the exposure time was finished, the 

light guide was removed from the flask, which was rapid-

ly capped with a septum, kept under argon and subse-

quently introduced into the glovebox, where the powder 

was weighed in the gas sorption cell under an argon at-

mosphere. The MOF sample was then transferred from 

the glovebox to the gas sorption equipment, where the N2 

isotherm was measured for further BET surface area 

(SBET) calculation. 

 

RESULTS AND DISCUSSION 

Photothermal activation of HKUST-1. HKUST-1 

was chosen to benchmark the UV-Vis activation protocol 

due to its well-standardized activation process. Indeed, 

HKUST-1 is usually activated using several solvent-

exchange steps (e.g. with dichloromethane or methanol) 

followed by a thermal treatment (from 80 to 170 °C) un-

der vacuum, thus resulting in SBET values ranging from 

1450 to 1800 m2·g-1 when fully activated.31, 32  

 

Figure 1. a) Schematic representation of the photothermal 

activation of MOFs. b) IR camera pictures (top) of HKUST-1 

before (left) and during UV-Vis irradiation (right). Photo-

graphs of HKUST-1 powder (bottom) before (left) and after 

(right) irradiation. c) Temperature evolution as a function of 

time for HKUST-1 irradiated at a distance of 7 cm. d) N2 

adsorption isotherms for HKUST-1 after 30 min of heat treat-

ment (red) and after photothermal activation for 5 min (blue) 

and 30 min (green), in comparison to the as-synthesized sam-

ple (black). 
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Our experiment started with an evaluation of the pho-

tothermal effect on a sample of as-synthesized HKUST-1 

by monitoring the temperature change with irradiation 

time (Figure 1). It was found that HKUST-1 was immedi-

ately heated when exposed to UV-Vis light, reaching a 

plateau at 120 °C after irradiation for 4-5 min (Figure 1b 

and c, Video S1). The strong photothermal effect could be 

rationalized by analysing the solid state UV-Vis spectrum 

of HKUST-1, which showed a broad absorption band 

centred at 720 nm attributed to the d-d transitions of the 

Cu(II) in the paddle wheel,33 which falls with the wave-

length used in the irradiation experiments (Figures S3-5). 

The contribution of this absorption band was further stud-

ied by irradiating HKUST-1 in a wavelength range of 

320-390 nm (UV) and of 390-500 nm (Visible). As ex-

pected, in both cases, lower temperatures (40 °C and 60 

°C, respectively) were reached, demonstrating that light 

of wavelengths close to the maximum absorption band in 

the visible range mainly contributes to the photothermal 

effect (Figure S6). It is noteworthy that the colour of the 

HKUST-1 powder changed from sky blue to deep purple 

after the irradiation experiments (Figure 1b). This colour 

change was a first clear evidence of the removal of the 

solvent molecules coordinated to the Cu(II) paddle-wheel 

clusters. 

 

Figure 2. a) Temperature evolution as a function of time for all studied MOFs when irradiated at a distance of 7 cm. b) Representation 

of the crystalline structure of the studied MOFs. 
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 To assess the efficiency of the photothermal activa-

tion, we then measured the XRPD and SBET for HKUST-1 

samples irradiated for 5 and 30 min without any further 

treatment (Figure 1d). XRPD indicated that both irradiat-

ed samples retain the crystallinity of  the initial HKUST-1 

MOF (Figure S7). Remarkably, the HKUST-1 irradiated 

for only 5 min showed an SBET of 1209 m2·g-1 (Figure S8), 

and increasing the irradiation time increased this value 

further. Indeed, after irradiation for 30 min the SBET value 

had increased to 1583 m2·g-1  (Figure S9). These results 

confirm that the photothermal effect in HKUST-1 is suffi-

ciently intense to evacuate both trapped and coordinated 

solvent molecules from the framework. We hypothesize 

that the high efficiency of the photothermal activation 

method to evacuate solvent molecules is due to the local-

ized heat generation, which minimizes heat loss. In order 

to further confirm this hypothesis, HKUST-1 was heated 

to 120 °C for 30 min but using an external heating source 

such as a heating mantle. In this case, the SBET of the 

thermally treated sample was significantly lower (SBET = 

655 m2·g-1, Figure S10), thus highlighting the benefits of 

UV-Vis induced localized heating on solvent removal 

from the HKUST-1 framework.  

An important factor that can influence the photothermal 

activation of MOFs is the MOF-to-light guide distance. To 

evaluate this parameter, we studied the photothermal activa-

tion of HKUST-1 by reducing this distance to 5 and 3 cm, thus 

meaning that the irradiance increased to 900 and 2650 

mW·cm-2, respectively. As expected, shorter distances meant 

that HKUST-1 reached a higher temperature (Figure S11). 

When irradiated for 5 min, HKUST-1 reached a maxi-

mum of 187 °C (distance = 5 cm) and above 250 °C (dis-

tance = 3 cm). These different heating conditions were 

critical for HKUST-1 activation. Indeed, while HKUST-1 

irradiated at 3 cm was found to be amorphous and non-

porous, the sample irradiated at 5 cm retained its crystal-

linity and showed an SBET of 1819 m2·g-1 (Figures S12-

13). This result is remarkable since it demonstrates that 

HKUST-1 can be activated in only 5 min, and that the 

MOF-to-light guide distance is a parameter that can be 

tuned to optimize the photothermal activation of MOFs 

(vide infra). 

Versatility of the photothermal activation method. 

To demonstrate the scope of this activation method be-

yond HKUST-1, we used it to study the activation of a 

series of MOFs representing the major subfamilies of 

porous MOFs. The MOFs studied comprised UiO-66, 

UiO-66-NH2, ZIF-8, ZIF-67, CPO-27-M (where M is 

Zn(II), Ni(II), and Mg(II)), Fe-MIL-101-NH2, and 

IRMOF-3. Figure 2 shows the photothermal response of 

each of these MOFs as a function of time. Two different 

behaviours can be seen from this figure. Thus, MOFs that 

do not exhibit an absorption band in the range 300-650 

nm (light emission range; Figures S17,27) showed a mild 

temperature increase after irradiation for 30 min. For 

example, UiO-66 and ZIF-8 were heated to 57 and 70 °C, 

respectively. In contrast, MOFs that show adsorption 

bands in this range exhibited a much higher photothermal 

effect (Figures S18, 28 36, 41, 48). The temperatures 

reached for each of these MOFs irradiated for 30 min 

were as follows: IRMOF-3 (119 °C), ZIF-67 (127 °C), 

CPO-27-Mg (136 °C), Fe-MIL-101-NH2 (143 °C), CPO-

27-Zn (145 °C), UiO-66-NH2 (149 °C), and CPO-27-Ni 

(167 °C). Moreover, as in HKUST-1, each of these latter 

Figure 3. a) N2 adsorption isotherms for UiO-66 (black) and 

UiO-66-NH2 (red) after photothermal activation. b) 1H NMR 

spectra of as-synthesized UiO-66 (red) and after photothermal 

activation (blue). c) 1H NMR spectra of as-synthesized UiO-66-

NH2 (red) and after photothermal activation (blue). DMF peaks 

are highlighted with an asterisk (*). 
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MOFs reached their maximum temperature after irradia-

tion for only 4-5 min. 

Once the photothermal effect of the selected MOFs 

had been assessed, we studied their activation using the 

UV-Vis light source. The photothermal activation of UiO-

66 and UiO-66-NH2 was initially compared due to the 

differences in their photothermal behaviour but similari-

ties in their structure. In addition, it is known that the 

activation of UiO-66 analogues is quite challenging be-

cause of the presence of DMF molecules in the pores, 

which cannot be completely removed unless a long sol-

vent-exchange process is carried out. Accordingly, both 

MOFs were irradiated for 30 min, with no further treat-

ment, and their XRPD patterns and SBET subsequently 

measured. Again, XRPD indicated that both irradiated 

samples retained the crystallinity of the initial UiO-66 

type MOFs (Figures S19, 20). However, the N2 adsorp-

tion  isotherms showed a clear difference in their activa-

tion (Figure 3a). Thus, while the irradiated UiO-66-NH2 

showed an SBET of 1098 m2·g-1 (close to the highest re-

ported value;34, 35 Figure S22), the irradiated UiO-66 

showed a much lower SBET of 424 m2·g-1, in accordance 

with its weaker photothermal effect (Figure 2 and Figure 

S21). This difference was further studied by first digest-

ing the as-synthesized and irradiated UiO-66 and UiO-66-

NH2 samples, and then analysing the resulting solutions 

by 1H NMR spectroscopy (Figure 3b,c and Figures S23-

S24). We then calculated the percentage of DMF mole-

cules removed from both frameworks during the activa-

tion process by comparison of the integration of one peak 

at 7.90 ppm corresponding to DMF and those at 8.02 and 

7.78 ppm corresponding to BDC and NH2-BDC, respec-

tively. From these data, it was clear that photothermal 

activation was more efficient at evacuating the DMF 

molecules from the UiO-66-NH2 framework (94 % of the 

initial DMF molecules were evacuated) than from the 

UiO-66 framework (only 55 % were evacuated). This fact 

correlates well with the higher temperature and photo-

thermal transduction efficiency (η) reached by UiO-66-

NH2 (149 °C and 59.3 %) in comparison to that reached 

for UiO-66 (57 °C and 5.0 %) when irradiated for 30 min 

(Table 1 and Section S10). 

A similar but less pronounced trend was also found 

when both ZIF-8 and ZIF-67 were irradiated. The SBET for 

the irradiated ZIF-8 was 1130 m2·g-1 (calculated from the 

second step of the isotherm between 0.01 and 0.2 P/P0; 

Figure S31), which is lower than typical reported values 

(SBET ≈ 1400-1500 m2·g-1).36, 37 In contrast, the photo-

thermally activated ZIF-67 exhibited an SBET of 1666 

 

Figure 4. (a) N2 adsorption isotherms of CPO-27-Mg (black), 

- Zn (red) and -Ni (blue) after irradiated at 500 mW·cm-2. (b) 

N2 adsorption isotherms of CPO-27-Mg after irradiated at 500 

(black), 900 (red) and 2650 mW·cm-2 (blue). 

Table 1. Summary of the main parameters of the photo-

thermally activated materials. 

Material 

Photohermal 

Temperature 

(oC) 

η 

(%)* 

SBET (m2 g-1) Residual 

solvent 

(%)** 

This 

work 
Reported 

HKUST-1 125 33.6 1583 174031 5.1a 

UiO-66 57 5.0 424 158035 11.2b 

UiO-66-NH2 149 59.3 1098 120035 3.4b 

ZIF-8 60 0.3 1130 107936 -c 

ZIF-67 127 50.0 1666 131938 -c 

CPO-27-Zn 145 23.8 932 115425 1.7d 

CPO-27-Ni 167 93.6 922 135125 0.4d 

CPO-27-Mg 136 21.6 1630 160325 2.0d 

Fe-MIL-

101-NH2 
143 86.6 1506 243639 1.8a 

IRMOF-3 119 25.8 2556 285040 3.6b 

COF-TAPB-

BTCA 
136 55.4 1185 112028 3.0e 

*Calculated as explained in the SI. 

**Calculated from the residual aDMF and EtOH, bDMF, dMeOH, and eacetone. 
cNote that H2O could not be determined by NMR. 
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m2·g-1 (calculated from the second step of the isotherm 

between 0.01-0.2 P/P0; Figure S32), which is comparable 

to the highest reported values.38 In this case, however, 

ZIF-8 showed a significant degree of activation despite its 

mild photothermal effect (Figure 2). We attribute this 

effect to the efficiency of the localized heat together with 

the lack of open metal sites in the structure and the non-

high boiling point solvents used in the synthesis (water) 

and washing (methanol) steps, which significantly reduc-

es the energy required to remove occluded solvent mole-

cules (Figures S33-S34). 

The efficient photothermal activation was further 

proven for Fe-MIL-101-NH2 and IRMOF-3 (Figures S35-

S44). In both cases, the irradiated MOFs exhibited good 

SBET values of 1506 and 2556 m2·g-1, respectively.39, 40 It 

is important to highlight here that IRMOF-3 has been 

reported to require supercritical CO2 activation to achieve 

an optimum SBET value (2850 m2·g-1).40 Therefore, our 

activation method seems to respect less robust MOFs, 

most likely due to the localised and homogeneous heating 

produced and the lack of high vacuum conditions.  

In accordance with this observation, we also tested our 

activation method with some CPO-27 analogues as acti-

vation of this MOF family is quite difficult due to the 

presence of open metal sites that strongly coordinate with 

water molecules.25 Activation of these MOFs generally 

entails a long solvent-exchange process (from 6 to 12 

days) with methanol followed by high-temperature ther-

mal treatments (above 180 °C) under vacuum. Conse-

quently, three members of this MOF family were activat-

ed by UV-Vis light irradiation for 30 min. In all cases, 

irradiated CPO-27-Zn/-Ni/-Mg retained the initial crystal-

linity (Figure S49-51) and showed a change in colour, 

which was a first indication of the removal of solvent 

molecules coordinated to the respective metal centres 

(Figure S45-47). In fact, the successful photothermal 

activation of CPO-27-Zn and CPO-27-Ni was accom-

plished with only 30 min of UV-Vis irradiation, as 

demonstrated by the measured SBET values of 932 m2·g-1 

for CPO-27-Zn and 922 m2·g-1 for CPO-27-Ni (Figure 4a, 

Figure S52, 53).25 

However, these activation conditions were not found 

to be optimum to efficiently activate CPO-27-Mg (SBET = 

416 m2·g-1, Figure S54). In this case, photothermal activa-

tion was optimized by reducing the MOF-to-light guide 

distance down to 5 cm (irradiance = 900 mW·cm-2) and 3 

cm (irradiance = 2650 mW·cm-2; Figure S1). Under these 

new conditions, CPO-27-Mg reached a temperature of 

184 and 250 °C, respectively, when irradiated for 30 min. 

In both cases, XRPD showed that the crystallinity was 

maintained (Figure S55). In addition, the measured SBET 

values confirmed a better activation process, with values 

of 1062 and 1630 m2·g-1 (the latter being comparable to 

the highest reported values; Figure 4b)25 when exposed to 

a light power of 900 and 2650 mW·cm-2, respectively. 

Finally, we opened up the possibility of using this 

photothermal activation method in covalent organic 

frameworks (COFs). To this end, a two-dimensional COF 

(COF-TAPB-BTCA) assembled from two trigonal build-

ing blocks, 1,3,5-benzenetricarbaldehyde (BTCA) and 

1,3,5-tris-(4-aminophenyl)benzene (TAPB) (Figure S61), 

was irradiated at a distance of 7 cm (irradiance = 500 

mW·cm-2) for 30 min, obtaining an SBET value of 1185 

m2·g-1, which is comparable to that reported in the litera-

ture (Figure S66).28 Similar to the MOFs, this COF also 

reached a temperature of 136 °C after irradiation for 4-5 

min. 

 

CONCLUSIONS 

In summary, we have reported that a UV-Vis lamp can 

be used to activate as-synthesized MOFs in a single step. 

MOFs with adsorptions in the UV-Vis wavelength range 

emitted by this lamp undergo a significant heating (120–

220 °C) in 4-5 min. This localized light-to-heat conver-

sion in the MOF crystals when irradiated enables a very 

fast solvent removal, thereby significantly reducing the 

activation time down to 30 min and supressing the need 

for time-consuming solvent-exchange procedures and 

vacuum conditions. We have found that the SBET values 

obtained after photothermal activation for only 30 min are 

comparable to the highest reported values for the conven-

tionally activated HKUST-1, ZIF-67, UiO-66-NH2, Fe-

MIL-101-NH2, IRMOF-3 and CPO-27-M (M = Ni, Zn 

and Mg). Moreover, we have demonstrated that this acti-

vation method could be extended to COFs. Our findings 

should facilitate the integration of an activation step in 

processes in which MOFs/COFs are manufactured in a 

continuous way as well as the use of this photothermal 

effect in applications in which the triggered desorption of 

volatile species (e.g. water) is desired. 
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