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The environmentally friendly ionic liquid N-(2-hydroxyethyl)- 5 

ammonium formate works as a reaction medium, reducing and 
templating agent in the mild microwave synthesis (5 min, 80°C) 
of a macroporous silver framework. 

As an innovative class of solvents ionic liquids have received 
substantial attention in recent years. They often exhibit 10 

properties like negligible vapour pressures, wide liquidus 
ranges, good thermal stabilities, considerable electric 
conductivities, wide electrochemical windows which are 
advantageous for a large number of applications.1 However, 
initally considered as environmetally begnin solvents 15 

concerns rose in the last years that although many ionic 
liquids comply with the rules of green chemisty2 the 
environmental toxicity and biodegradability of many of them 
cannot be neglected.3 Here we describe the facile and 
environmentally friendly synthesis of highly porous silver 20 

monoliths using the ionic liquid N-(2-
hydroxyethyl)ammonium formiate. Both the cation and the 
anion of the ionic liquid show an appreciably low toxicity and 
are biodegredable. 
 It has been shown that the biodegradability of quaternary 25 

ammonium cations is considerably enhanced when hydroxyl 
groups are incorporated.4 The methylated derivative of N-(2-
hydroxyethyl)ammonium, (2-hydroxyethyl)-trimethyl-
ammonium, is also known as the choline cation. Choline, 
formely thought to be a vitamin (B4), is of biological orgin 30 

and a prominent food indigrient.5,6 In fact it is listed as an 
essential nutrient for humans with an adequate intake (AI) of 
425-550 mg for adults as choline and its metabolites are 
essential for several biochemical transformations.7 Other (2-
hydroxyethyl)ammonium derivatives are currently used in 35 

cosmetics8 and pharmaceuticals9. 
 Formic acid (methanoic acid) is the simplest carbonic acid 
and occurs naturally in the venom of bee and ants.10 It is used 
as a preservative and antibacterial agent in livestock feed. 
Formates are considered to be comparatively low-toxic and 40 

the LD50 (mouse) has been determined to be 11.2g/kg.11 
Various applications of formates are known. For example 
potassium formate is applied in road winter deicing12 and 
calcium formate is used for the treatment of calcium 
deficiency in animals.13 In the context of silver metal 45 

formation, sodium formate has been used as a reducing agent 
to prepare ultra-pure silver metal14 and finely divided silver 
metal particles.15 
 Macroporous materials are important for various 
application fields, amongst them catalysis, optoelectronics, 50 

separations, sorption and electrochemistry. Methods to 
synthezise such materials include the colloidal,16 gel17 and 
biological18 templating methods. It has been noted that it is 
quite difficult to obtain porous metal frameworks like silver 
from soft templates.19 Few examples have been reported. For 55 

example dextran has been used as a template and applying 
temperatures of 500-900°C on a dextran-silver paste resulted 
in the formation of a macroporous silver monoliths.20 Less 
harsh condition involve the use of an 
poly(ethyleneimine)hydrogel as a template, calcination 60 

temperatures of 500 to 800 °C were employed.21 However all 
the route still require the calcination of the used sacrifical 
template. Here we report on a much milder synthesis 
prodecure.  
 Silver nitrate is used as the metal precursor. The room 65 

temperature ionic liquid N-(2-hydroxyethyl)ammonium 
formate is employed as the solvent, template and reducing 
agent. As a heating source a focused single-mode microwave 
synthesis system (CEM-Discover, USA) was used. 
Temperature control is achieved by automatically adjusting 70 

the radiation power. In a typical synthesis about 0.12g AgNO3 
is filled into a microwave reaction vessel and covered with 
1.35g (2-hydroxyethyl)ammonium formate. The reaction 
vessel is closed compression-proof, stirred and heated within 
30 seconds to 80°C. This temperature is held for further 5 75 

minutes, during that time a rise in pressure is observed. After 
completion of the reaction the vessel is cooled rapidly with 
compressed air to room temperature and the ionic liquid can 
be removed from the silver monoliths by washing several 
times with ethanol. In prinicple the ionic liquid can be 80 

recovered for use from its ethanolic solution. 
 Fig. 1 shows SEM images of a synthesised silver 
monoliths. The macroporous framework tpyically consists of 
agglomerated 100-200 nm large particles, building a 
macroporours structure with cavities of about 600 nm size. To 85 

determine the specific surface area a nitrogen adsorption 
measurement was conducted. Fig. 2 shows the resulting 
adsorption isotherm which could be assigned to a Typ VI – 
stepwise multilayer adsorption. The adsorption of the second 
layer can be identified by the step in the isotherme at a 90 

relative pressure p/p0 = 0.25. The specific surface area is 
determined to 2.52 qm/g considering the first adsorption layer 
and using the BET-modell. Fig. 3 shows the PXRD patterns of 
the silver monolith. The X-ray diffraction pattern  could be 
assigned to metallic silver [ICSD: #44387] and shows no 95 

contamination form other crystalline phases. 




