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мΦ 9ȄǇŜǊƛƳŜƴǘŀƭ {ŜŎǘƛƻƴ 

1.1 /ƘŜƳƛŎŀƭǎ 

!ƭƭ ŎƘŜƳƛŎŀƭǎΣ including bƛόbhоύнϊсIнh όфу҈Σ {ƛƴƻǇƘŀǊƳ /ƘŜƳƛŎŀƭǎύΣ ǘŜǊŜǇƘǘƘŀƭƛŎ ŀŎƛŘ 

όмΣпπōŜƴȊŜƴŜŘƛŎŀǊōƻȄȅƭƛŎ ŀŎƛŘΣ H2BDCΤ фф҈Σ ŀƭŀŘƛƴύΣ CŜ/ƭоϊсIнh όфф҈Σ {ƛƴƻǇƘŀǊƳ /ƘŜƳƛŎŀƭǎύ 

ŀƴŘ YhI όфу҈Σ {ƛƴƻǇƘŀǊƳ /ƘŜƳƛŎŀƭǎύ ǿŜǊŜ ǇǳǊŎƘŀǎŜŘ ŦǊƻƳ ŎƻƳƳŜǊŎƛŀƭ ǎǳǇǇƭƛŜǊǎ ŀƴŘ ǳǎŜŘ 

ǿƛǘƘƻǳǘ ŦǳǊǘƘŜǊ ǇǳǊƛŦƛŎŀǘƛƻƴΦ 

1.2 {ȅƴǘƘŜǎƛǎ ƻŦ CŜȄbƛȅπ.5/ όȄκȅ Ґ мκлΣ 2/ 1, 1/ 1, 1/ 2, 1/ 4) 

In a typical synthesis of Fe1Ni2-BDC, H2BDC (1.5 mmol, 0.2492 g), FeCl3·6H2O (0.5 mmol, 

0.1351 g), and Ni(NO3)2·6H2O (1.0 mmol, 0.2908 g) were added to 35 mL of dimethyl 

formamide (DMF) in a Teflon vessel (50 mL) in sequence. The mixture was then stirred 30 

minutes to form a uniform solution. The vessel was transferred to a stainless steel autoclave, 

placed upright in an oven and heated at 140ɫ  for 4 h before it was cooled to room 

temperature. The final product was collected by centrifuge, repetitively washed with DMF, 

anhydrous ethanol, water and lyophilized and freeze dry overnight. 

The similar procedure was adopted for the preparation of Fe-BDC, Fe2Ni1-BDC, Fe1Ni1-

BDC, Fe1Ni2-BDC and Fe1Ni4-BDC except using different molar ratios of FeCl3·6H2O and 

Ni(NO3)2·6H2O at the beginning (the total mole number of metal ions was kept at 1.5 mmol).  

мΦо /ƘŀǊŀŎǘŜǊƛȊŀǘƛƻƴ 

X-ray diffraction ό·w5ύ ǇŀǘǘŜǊƴǎ ǿŜǊŜ recorded ƻƴ ŀ .ǊǳƪŜǊ 5у 5ƛǎŎƻǾŜǊ ·πǊŀȅ 

ŘƛŦŦǊŀŎǘƻƳŜǘŜǊ ǿƛǘƘ /ǳ Y hǊŀŘƛŀǘƛƻƴ ό˂ Ґ мΦрпму )ύΦ {ŎŀƴƴƛƴƎ ŜƭŜŎǘǊƻƴ ƳƛŎǊƻǎŎƻǇȅ ό{9aΣ W9h[ 



W{aπтмллCύ ŀƴŘ ǘǊŀƴǎƳƛǎǎƛƻƴ ŜƭŜŎǘǊƻƴ ƳƛŎǊƻǎŎƻǇȅ ό¢9aΣ ¢ƛǘŀƴ Dн слπоллύ ǿŜǊŜ ŜƳǇƭƻȅŜŘ ǘƻ 

ŎƘŀǊŀŎǘŜǊƛȊŜ ƳƻǊǇƘƻƭƻƎƛŜǎ ƻŦ ǘƘŜ ǎŀƳǇƭŜǎΦ ¢ƘŜ ŜƭŜƳŜƴǘŀƭ ƳŀǇǇƛƴƎ ǿŀǎ ŎƻƭƭŜŎǘŜŘ ōȅ ǘƘŜ ¢9a 

ŜǉǳƛǇǇŜŘ ǿƛǘƘ ŀƴ ŜƴŜǊƎȅπŘƛǎǇŜǊǎƛǾŜ ·πǊŀȅ ǎǇŜŎǘǊƻǎŎƻǇŜ ό95{ύΦ ·πǊŀȅ ǇƘƻǘƻŜƭŜŎǘǊƻƴ 

ǎǇŜŎǘǊƻǎŎƻǇȅ ό·t{ύ ƳŜŀǎǳǊŜƳŜƴǘǎ ǿŜǊŜ ǇŜǊŦƻǊƳŜŘ ƻƴ ŀ 9{/![!. нрл·ƛ ǎȅǎǘŜƳΦ /Ib{κh 

ŜƭŜƳŜƴǘŀƭ ŀƴŀƭȅȊŜǊ ǿŀǎ ŀǇǇƭƛŜŘ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ŎŀǊōƻƴ ŎƻƴǘŜƴǘΦ ¢ƘŜ LƴŘǳŎǘƛǾŜƭȅ /ƻǳƴǇƭŜŘ 

tƭŀǎŜƳŀπhǇǘƛŎŀƭ 9Ƴƛǎǎƛƻƴ {ǇŜǊǘǊƻ όL/tπh9{ύ ǿŀǎ ŜƳǇƭƻȅŜŘ ǘƻ ŀƴŀƭȅǎŜ ǘƘŜ ŎƻƴǘŜƴǘ ƻŦ CŜκbƛ 

ŜƭŜƳŜƴǘ ƻƴ tǊƻŘƛƎȅ тΦ CƻǳǊƛŜǊ ǘǊŀƴǎŦƻǊƳ ƛƴŦǊŀǊŜŘ όC¢πLwύ ǎǇŜŎǘǊŀ ǿŜǊŜ ǘŜǎǘŜŘ ƻƴ bŜȄǳǎΦ wŀƳŀƴ 

ǎǇŜŎǘǊŀ ǿŜǊŜ ǊŜŎƻǊŘŜŘ ǳǎƛƴƎ ŀ ŎƻƴŦƻŎŀƭ wŀƳŀƴ ƳƛŎǊƻǎŎƻǇŜ ό5·wΣ ¢ƘŜǊƳƻπCƛǎƘŜǊ {ŎƛŜƴǘƛŦƛŎύ 

ǿƛǘƘ соо ƴƳ ŜȄŎƛǘŀǘƛƻƴ ŦǊƻƳ ŀƴ ŀǊƎƻƴ ƛƻƴ ƭŀǎŜǊΦ ·πǊŀȅ ŀōǎƻǊǇǘƛƻƴ ƴŜŀǊ ŜŘƎŜ ǎǘǊǳŎǘǳǊŜ ό·!b9{ύ 

ŀƴŘ 9ȄǘŜƴŘŜŘ ·πǊŀȅ ŀōǎƻǊǇǘƛƻƴ ŦƛƴŜ ǎǘǊǳŎǘǳǊŜ ό9·!C{ύ ŜȄǇŜǊƛƳŜƴǘǎ ǿŜǊŜ ǇŜǊŦƻǊƳŜŘ ƻƴ ǘƘŜ 

·!C/! ōŜŀƳƭƛƴŜ ƻŦ {ƛƴƎŀǇƻǊŜ {ȅƴŎƘǊƻǘǊƻƴ [ƛƎƘǘ {ƻǳǊŎŜΦ 

мΦп /ƻƳǇǳǘŀǘƛƻƴŀƭ ŘŜǘŀƛƭǎ 

!ƭƭ ǎƛƳǳƭŀǘƛƻƴǎ ƻƴ ƳŜǘŀƭπƻǊƎŀƴƛŎ ŦǊŀƳŜǿƻǊƪǎ ǿŜǊŜ ōŀǎŜŘ ƻƴ ŘŜƴǎƛǘȅ ŦǳƴŎǘƛƻƴŀƭ ǘƘŜƻǊȅ 

ό5C¢ύ ŀƴŘ ŎŀǊǊƛŜŘ ƻǳǘ ōȅ ǳǎƛƴƎ ǘƘŜ ǇǊƻƧŜŎǘƻǊ ŀǳƎƳŜƴǘŜŘ ǿŀǾŜ ƳŜǘƘƻŘ όt!²ύ ŀǎ ƛƳǇƭŜƳŜƴǘŜŘ 

ƛƴ ǘƘŜ ±ƛŜƴƴŀ ŀō ƛƴƛǘƛƻ ǎƛƳǳƭŀǘƛƻƴ ǇŀŎƪŀƎŜ ό±!{tύΦ ¢ƘŜ ŜȄŎƘŀƴƎŜ ŀƴŘ ŎƻǊǊŜƭŀǘƛƻƴ ŦǳƴŎǘƛƻƴŀƭ ǿŀǎ 

ǘǊŜŀǘŜŘ ŀǎ ƎŜƴŜǊŀƭƛȊŜŘ ƎǊŀŘƛŜƴǘ ŀǇǇǊƻȄƛƳŀǘƛƻƴ όDD!ύ ƻŦ ǘƘŜ tŜǊŘŜǿπ.ǳǊƪŜπ9ǊƴȊŜǊƘƻŦ όt.9ύ 

ŦƻǊƳǳƭŀΦ ¢ƘŜ ǿŀǾŜ ŦǳƴŎǘƛƻƴǎ ǿŜǊŜ ŜȄǇŀƴŘŜŘ ōȅ ǳǎƛƴƎ ǘƘŜ ǇƭŀƴŜ ǿŀǾŜǎ ǳǇ ǘƻ ŀ ƪƛƴŜǘƛŎ ŜƴŜǊƎȅ 

ŎǳǘƻŦŦ ƻŦ рлл Ŝ±Φ .ǊƛƭƭƻǳƛƴπȊƻƴŜ ƛƴǘŜƎǊŀǘƛƻƴǎ ǿŜǊŜ ŀǇǇǊƻȄƛƳŀǘŜŘ ōȅ ǳǎƛƴƎ ǎǇŜŎƛŀƭ ƪπǇƻƛƴǘ 

ǎŀƳǇƭƛƴƎ ƻŦ aƻƴƪƘƻǊǎǘπtŀŎƪ ǎŎƘŜƳŜ ǿƛǘƘ ŀ ƪπǇƻƛƴǘ ƳŜǎƘ ǊŜǎƻƭǳǘƛƻƴ ƻŦ нˉ ϝ лΦло )πмΦ ¢ƘŜ ǳƴƛǘ 

ŎŜƭƭ ƭŀǘǘƛŎŜ ǾŜŎǘƻǊǎ όǳƴƛǘ ŎŜƭƭ ǎƘŀǇŜ ŀƴŘ ǎƛȊŜύ ŀƴŘ ŀǘƻƳƛŎ ŎƻƻǊŘƛƴŀǘŜǎ ǿŜǊŜ Ŧǳƭƭȅ ǊŜƭŀȄŜŘ ǳƴǘƛƭ ǘƘŜ 

ŦƻǊŎŜ ƻƴ ŜŀŎƘ ŀǘƻƳ ǿŀǎ ƭŜǎǎ ǘƘŀƴ лΦлн Ŝ± )πмΦ 



мΦр 9ƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ƳŜŀǎǳǊŜƳŜƴǘǎ 

9ƭŜŎǘǊƻŎƘŜƳƛŎŀƭ measurements ǿŜǊŜ ŎƻƴŘǳŎǘŜŘ ƻƴ ŀ /IL тсл5 ŜƭŜŎǘǊƻŎƘŜƳƛŎŀƭ 

ǿƻǊƪǎǘŀǘƛƻƴ ǳǎƛƴƎ ŀ ǘƘǊŜŜπŜƭŜŎǘǊƻŘŜ ǎȅǎǘŜƳΦ Dƭŀǎǎȅ ŎŀǊōƻƴ όD/ύ ŜƭŜŎǘǊƻŘŜ ǿƛǘƘ ŀ ŘƛŀƳŜǘŜǊ ƻŦ 

р ƳƳ ǿŀǎ ǎŜǊǾŜŘ ŀǎ ǘƘŜ ǿƻǊƪƛƴƎ ŜƭŜŎǘǊƻŘŜΦ ¢ƘŜ Ŏŀǘŀƭȅǎǘ ƛƴƪ ǿŀǎ ǇǊŜǇŀǊŜŘ ōȅ ŘƛǎǇŜǊǎƛƴƎ р ƳƎ 

ƻŦ Ŏŀǘŀƭȅǎǘ ƛƴǘƻ м Ƴ[ ƻŦ ƳƛȄŜŘ ǎƻƭǳǘƛƻƴ ŎƻƴǎƛǎǘƛƴƎ ƻŦ рл [˃ ƻŦ р ǿǘ҈ bŀŦƛƻƴΣ улл [˃ ƻŦ 

ƛǎƻǇǊƻǇŀƴƻƭ ŀƴŘ мрл [˃ ƻŦ ŘŜƛƻƴƛȊŜŘ ǿŀǘŜǊΦ ¢ƘŜƴ ǘƘŜ Ŏŀǘŀƭȅǎǘ ǿŀǎ ƭƻŀŘŜŘ ƻƴ ǘƘŜ D/ ŜƭŜŎǘǊƻŘŜ 

ōȅ ŘǊƻǇπŎŀǎǘƛƴƎ мл [˃ ƻŦ ƛƴƪ ǘƻ ǊŜŀŎƘ ŀ ƭƻŀŘƛƴƎ ƻŦ лΦнрр ƳƎ ŎƳπнΦ ! ǇƭŀǘƛƴǳƳ ǿƛǊŜ ŜƭŜŎǘǊƻŘŜ 

ŀƴŘ ǎŀǘǳǊŀǘŜŘ ŎŀƭƻƳŜƭ ŜƭŜŎǘǊƻŘŜ ό{/9ύ ǿŜǊŜ ǳǎŜŘ ŀǎ ŎƻǳƴǘŜǊ ŀƴŘ ǊŜŦŜǊŜƴŎŜ ŜƭŜŎǘǊƻŘŜǎΣ 

ǊŜǎǇŜŎǘƛǾŜƭȅΦ !ƭƭ ǘƘŜ ŜƭŜŎǘǊƻŎƘŜƳƛŎŀƭ Řŀǘŀ ǿŜǊŜ ǊŜŎƻǊŘŜŘ ƛƴ м a YhI όǇIҐ моΦснύ ŜƭŜŎǘǊƻƭȅǘŜǎ 

ŀƴŘ ǇƻǘŜƴǘƛŀƭǎ ǿŜǊŜ ŎƻƴǾŜǊǘŜŘ ǘƻ ŀ ǊŜǾŜǊǎƛōƭŜ ƘȅŘǊƻƎŜƴ ŜƭŜŎǘǊƻŘŜ όwI9ύ Ǿƛŀ ǘƘŜ ŜǉǳŀǘƛƻƴΥ 

9όwI9ύ Ґ 9ό{/9ύ Ҍ όлΦнп Ҍ лΦлрфн ǇIύΦ .ŜŦƻǊŜ ŜǾŀƭǳŀǘƛƴƎ ǘƘŜ h9w ŀŎǘƛǾƛǘȅΣ Ŏŀǘŀƭȅǎǘǎ ǿŜǊŜ 

ŀŎǘƛǾŀǘŜŘ ōȅ млл ŎȅŎƭƛŎ ǾƻƭǘŀƳƳŜǘǊȅ ό/±ύ ŎȅŎƭŜǎ ŀŎǊƻǎǎ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ǿƛƴŘƻǿ ƻŦ мΦнπмΦу ± ǾǎΦ 

wI9 ŀǘ ŀ ǎŎŀƴ ǊŀǘŜ ƻŦ рл Ƴ± ǎπмΦ CƻƭƭƻǿƛƴƎ ǘƘŜ ǇǊŜπŀŎǘƛǾŀǘƛƻƴ ǇǊƻŎŜǎǎΣ ƭƛƴŜŀǊ ǎǿŜŜǇ ǾƻƭǘŀƳƳŜǘǊȅ 

ό[{±ύ ǿŀǎ ǇŜǊŦƻǊƳŜŘ ŀǘ ŀ ǎŎŀƴ ǊŀǘŜ ƻŦ р Ƴ± ǎπмΦ ƛw ŘǊƻǇ ǿŀǎ ŎƻǊǊŜŎǘŜŘ ǳǎƛƴƎ ǘƘŜ ǳƴŎƻƳǇŜƴǎŀǘŜŘ 

ǎŜǊƛŜǎ ǊŜǎƛǎǘŀƴŎŜ ŎƻƭƭŜŎǘŜŘ ŦǊƻƳ ŜƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ƛƳǇŜŘŀƴŎŜ ǎǇŜŎǘǊƻǎŎƻǇȅ ό9L{ύ ŀǘ ŀ ǇƻǘŜƴǘƛŀƭ 

ƻŦ лΦрр ± ǾǎΦ {/9 ǿƛǘƘ ŦǊŜǉǳŜƴŎȅ ŦǊƻƳ м ǘƻ млр IȊΦ ¢ƘŜ ƭƻƴƎπǘŜǊƳ ǎǘŀōƛƭƛǘȅ ǘŜǎǘǎ ǿŜǊŜ ƳŜŀǎǳǊŜŘ 

ōȅ ŎƘǊƻƴƻǇƻǘŜƴǘƛƻƳŜǘǊȅ ŀǘ ǘƘŜ ŎǳǊǊŜƴǘ ŘŜƴǎƛǘȅ ƻŦ мл Ƴ! ŎƳπнΦ 

мΦс 9ƭŜŎǘǊƻŎƘŜƳƛŎŀƭ ŀŎǘƛǾŜ ǎǳǊŦŀŎŜ ŀǊŜŀ ό9/{!ύ 

¢ƘŜ ŜƭŜŎǘǊƻŎƘŜƳƛŎŀƭƭȅ ŀŎǘƛǾŜ ǎǳǊŦŀŎŜ ŀǊŜŀ ό9/{!ύ ǿŀǎ ŘŜǘŜǊƳƛƴŜŘ ōȅ ǘƘŜ ŘƻǳōƭŜ ƭŀȅŜǊ 

ŎŀǇŀŎƛǘŀƴŎŜ ό/ŘƭύΦ ¢ƻ ƻōǘŀƛƴ ǘƘŜ /Řƭ ǾŀƭǳŜΣ /± ƳŜŀǎǳǊŜƳŜƴǘǎ ǿŜǊŜ performed ƛƴ ƴƻƴπCŀǊŀŘŀƛŎ 

ǊŜƎƛƻƴ ŀǘ ŘƛŦŦŜǊŜƴǘ ǎŎŀƴ ǊŀǘŜǎ ƻŦ пΣ уΣ мнΣ мсΣ нлΣ плΣ слΣ ул ŀƴŘ млл Ƴ± ǎπм όCƛƎǳǊŜ {тύΦ /Řƭ ǿŀǎ 



ŜǎǘƛƳŀǘŜŘ ōȅ ǇƭƻǘǘƛƴƎ ǘƘŜ ɲW Ґ όWŀ π WŎύκн ŀƎŀƛƴǎǘ ǘƘŜ ǎŎŀƴ ǊŀǘŜΦ ¢ƘŜ ƭƛƴŜŀǊ ǎƭƻǇŜ ƛǎ ŜǉǳƛǾŀƭŜƴǘ ǘƻ 

ǘƘŜ /ŘƭΦ 

¢ƘŜ /Řƭ Ŏŀƴ ōŜ ŦǳǊǘƘŜǊ ŎƻƴǾŜǊǘŜŘ ƛƴǘƻ 9/{! ǳǎƛƴƎ ǘƘŜ ǎǇŜŎƛŦƛŎ ŎŀǇŀŎƛǘŀƴŎŜ ǾŀƭǳŜ ŦƻǊ ŀ 

ǎǘŀƴŘŀǊŘ ǿƛǘƘ м ŎƳπн ƻŦ ǊŜŀƭ ǎǳǊŦŀŎŜ ŀǊŜŀΦ ¢ƘŜ ǎǇŜŎƛŦƛŎ ŎŀǇŀŎƛǘŀƴŎŜ ŦƻǊ ŀ Ŧƭŀǘ ǎǳǊŦŀŎŜ ƛǎ ƴƻǊƳŀƭƭȅ 

ōŜǘǿŜŜƴ лΦлнπлΦлс ƳC ŎƳπнΦ D/ ŜƭŜŎǘǊƻŘŜ ǿŀǎ ǳǎŜŘ ŀǎ ǘƘŜ ǎǳǇǇƻǊǘΣ ŀƴŘ ǘƘŜ ǎǇŜŎƛŦƛŎ 

ŎŀǇŀŎƛǘŀƴŎŜ ƻŦ D/ Ŏŀƴ ōŜ ǊŜƎŀǊŘŜŘ ŀǎ ǘƘŜ ǎǘŀƴŘŀǊŘ όмтуΦфн ˃C ŎƳπнύ ƛƴ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŎŀƭŎǳƭŀǘƛƻƴΦ 

¢ƘŜ 9/{! ƻŦ ŜŀŎƘ Ŏŀǘŀƭȅǎǘ Ŏŀƴ ōŜ ŎŀƭŎǳƭŀǘŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻΥ 

ὃ
ὅ ὧὥὸὥὰώίὸ άὊ ὧά

ὅ Ὃὅ ὩὰὩὧὸὶέὨὩ άὊ ὧά  ὴὩὶ ὉὅὛὃ ὧά 
 

¢ŀƪƛƴƎ LǊhн ŀǎ ŀƴ ŜȄŀƳǇƭŜΣ ǳǇƻƴ ǘƘŜ ƻȄȅƎŜƴ ŜǾƻƭǳǘƛƻƴ ǊŜŀŎǘƛƻƴ όh9wύΣ ǘƘŜ LǊhн Ŏŀƴ ōŜ 

ŎŀƭŎǳƭŀǘŜŘ ŀǎΥ 

ὃ
υφȢυς άὊ ὧά

ρχψȢως ʈὊ ὧά  ὴὩὶ ὉὅὛὃ ὧά 
σρυȢωπ ὧά  

мΦт CŀǊŀŘŀƛŎ ŜŦŦƛŎƛŜƴŎȅ ŎŀƭŎǳƭŀǘƛƻƴ 

¢ƘŜ CŀǊŀŘŀƛŎ ŜŦŦƛŎƛŜƴŎȅ ǿŀǎ ŎŀƭŎǳƭŀǘŜŘ ŀǎ ŦƻƭƭƻǿǎΥ 

Ὂὶ ȿ
Ὅὲ

Ὅὲ ὔ
ȿ 

 ǿƘŜǊŜ LǊ ƛǎ ǘƘŜ ǊƛƴƎ ŎǳǊǊŜƴǘΣ LŘΣ ƛǎ ǘƘŜ Řƛǎƪ ŎǳǊǊŜƴǘΣ ƴŘ ŀƴŘ ƴǊ ŀǊŜ ǘƘŜ ŜƭŜŎǘǊƻƴ ǘǊŀƴǎŦŜǊ 

ƴǳƳōŜǊ ƻŦ ǘƘŜ ǊŜŀŎǘƛƻƴ ƻƴ Řƛǎƪ όпhIπ O  пŜπ Ҍ нIнh Ҍ hнύ ŀƴŘ ǊƛƴƎ όнIнh Ҍ hн Ҍ нŜπ O  нhIπ 

Ҍ IнhнύΣ ǊŜǎǇŜŎǘƛǾŜƭȅΦ aƻǊŜƻǾŜǊΣ ǘƘŜ bŎ[ ƛǎ ǘƘŜ ŎƻƭƭŜŎǘ ŜŦŦƛŎƛŜƴŎȅΦ όb/[ Ґ лΦотύ 

мΦу ¢ǳǊƴƻǾŜǊ ŦǊŜǉǳŜƴŎȅ ό¢hCύ ŎŀƭŎǳƭŀǘƛƻƴ 



¢ƘŜ ¢hC ǾŀƭǳŜǎ ŀǊŜ ŎŀƭŎǳƭŀǘŜŘ Ǿƛŀ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŜǉǳŀǘƛƻƴΥ 

4/&
ȿὮȿὃ

άὊὲ
 

ǿƘŜǊŜ μƧμ ƛǎ ǘƘŜ ŎǳǊǊŜƴǘ ŘŜƴǎƛǘȅ ŀǘ ŀƴ ƻǾŜǊǇƻǘŜƴǘƛŀƭ ƻŦ оол Ƴ± ŘǳǊƛƴƎ ǘƘŜ [{± ƳŜŀǎǳǊŜƳŜƴǘ ƛƴ 

мΦл a ǎƻƭǳǘƛƻƴΦ ! ǎǘŀƴŘǎ ŦƻǊ ǘƘŜ ŀǊŜŀ ƻŦ ǘƘŜ ŜƭŜŎǘǊƻŘŜ όлΦмфс ŎƳπнύ ŀƴŘ C ƛǎ ǘƘŜ CŀǊŀŘŀƛŎ Ŏƻƴǎǘŀƴǘ 

όфспур / ƳƻƭπмύΦ Ƴ ŀŎŎƻǳƴǘǎ ŦƻǊ ǘƘŜ ŜƭŜŎǘǊƻƴǎ ŎƻƴǎǳƳŜŘ ǘƻ ŦƻǊƳ ƻƴŜ Iн ƻǊ hн ƳƻƭŜŎǳƭŜ ŦǊƻƳ 

ǿŀǘŜǊ όн ŜƭŜŎǘǊƻƴǎ ŦƻǊ ƘȅŘǊƻƎŜƴ ŜǾƻƭǳǘƛƻƴ ǊŜŀŎǘƛƻƴ ŀƴŘ п ŜƭŜŎǘǊƻƴǎ ŦƻǊ ƻȄȅƎŜƴ ŜǾƻƭǳǘƛƻƴ 

ǊŜŀŎǘƛƻƴύΦ ƴ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ǉǳŀƴǘƛǘȅ ƻŦ ŀŎǘƛǾŜ ǎƛǘŜǎΣ ŀƴŘ ƴ Ŏŀƴ ōŜ ŎŀƭŎǳƭŀǘŜŘ ƛƴ ǘǿƻ ǿŀȅǎ ŀǎ 

ŦƻƭƭƻǿǎΦ 

LŦ ŀǎǎǳƳƛƴƎ ŀƭƭ ǘƘŜ ƳŜǘŀƭ ƛƻƴǎ ǘŀƪŜ ǇŀǊǘ ƛƴ ǘƘŜ ŜƭŜŎǘǊƻŎŀǘŀƭȅǘƛŎ ǊŜŀŎǘƛƻƴΣ ǘƘŜ ǾŀƭǳŜ ƻŦ ƴ Ŏŀƴ 

ōŜ ŎŀƭŎǳƭŀǘŜŘ ōŀǎŜŘ ƻƴ ǘƘŜ L/t ǊŜǎǳƭǘǎΥ  

ὲ

ά  ὅ Ϸ  

ὓ   
ά  ὅ Ϸ  

ὓ

ὃ
  

ǿƘŜǊŜ ƳŎŀǘŀƭȅǎǘ ƛǎ ǘƘŜ Ŏŀǘŀƭȅǎǘ ƭƻŀŘƛƴƎ ƻƴ ǘƘŜ Řƛǎƪ ŜƭŜŎǘǊƻŘŜ όлΦлр ƳƎύΣ /ǿǘ҈ ƛǎ ǘƘŜ ŎƻƴŎŜƴǘǊŀǘƛƻƴ 

ƻŦ ƳŜǘŀƭ ŘŜǊƛǾŜŘ ŦǊƻƳ L/tΣ ŀƴŘ !ŜƭŜŎǘǊƻŘŜ ƛǎ ǘƘŜ ŀǊŜŀ ƻŦ Řƛǎƪ ŜƭŜŎǘǊƻŘŜ όлΦмфс ŎƳнύΦ ¢ƘŜ ŎŀƭŎǳƭŀǘŜŘ 

ƴ ƛǎ ŀǎ ŦƻƭƭƻǿǎΦ 

¢ƘŜ ǾŀƭǳŜ ƻŦ ƴ ŀƴ ŀƭǎƻ ōŜ ŎŀƭŎǳƭŀǘŜŘ ōȅ ǘŜǎǘƛƴƎ /± ŀǘ рл Ƴ± ǎπм ǊŀƴƎƛƴƎ ŦǊƻƳ πлΦн ǘƻ лΦс ± 

ǾǎΦ wI9 ƛƴ ǇƘƻǎǇƘŀǘŜ ōǳŦŦŜǊŜŘ ǎŀƭƛƴŜ ǎƻƭǳǘƛƻƴ όt.{Σ ǇI Ґ тΦлύΦ ¢ƘŜ t.{ ǎƻƭǳǘƛƻƴ ƛǎ ǇǊŜǇŀǊŜŘ ōȅ 

ƳƛȄƛƴƎ ǳǇ оу Ƴ[ ƻŦ лΦн a bŀIнthп ǎƻƭǳǘƛƻƴ ŀƴŘ сн Ƴ[ ƻŦ лΦн a bŀнIthпΦ ¢ƘŜ ǉǳŀƴǘƛǘȅ ƻŦ 

ŀŎǘƛǾŜ ǎƛǘŜǎ ƛǎ ŎŀƭŎǳƭŀǘŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŦƻǊƳǳƭŀ όCƛƎǳǊŜ {сΤ bŀƴƻ 9ƴŜǊƎȅ нлмуΣ рмΣ 

нсςосύΥ 
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ὭϽὸ
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ὭϽὠȾό

ςὊ
 

ǿƘŜǊŜ v ƛǎ ǘƘŜ ŎȅŎƭƛŎ ǾƻƭǘŀƳƳŜǘǊƛŎ ŎŀǇŀŎƛǘȅ ƻōǘŀƛƴŜŘ ōȅ ƛƴǘŜƎǊŀǘƛƴƎ /± ŎǳǊŜǎΣ C ƛǎ ǘƘŜ CŀǊŀŘŀƛŎ 

Ŏƻƴǎǘŀƴǘ όфспур / ƳƻƭπмύΣ ƛ ƛǎ ǘƘŜ ŎǳǊǊŜƴǘ ŘŜƴǎƛǘȅ ό! ƳπнύΣ ± ƛǎ ǘƘŜ ǾƻƭǘŀƎŜ όǾύ ŀƴŘ ǳ ƛǎ ǘƘŜ 

ǎŎŀƴƴƛƴƎ ǊŀǘŜ ό± ǎπмύΦ 

¢ŀōƭŜ {мΦ ¢ƘŜ ǾŀƭǳŜ ƻŦ ƴ ōŀǎŜŘ ƻƴ L/t ŀƴŘ /± ǊŜǎǳƭǘǎΣ ǊŜǎǇŜŎǘƛǾŜƭȅΣ ŀƴŘ ǘƘŜ ¢hC ŎŀƭŎǳƭŀǘŜŘ ōŀǎŜŘ 

ƻƴ ǘƘŜ /± ŘŜǊƛǾŜŘ ǾŀƭǳŜ ƻŦ ƴΦ 
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ύ ōŀǎŜŘ ƻƴ L/t ǊŜǎǳƭǘǎ  ōŀǎŜŘ ƻƴ /± ǊŜǎǳƭǘǎ 
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CŜмbƛнπ.5/ ммл оΦсу  ммΦро 

CŜмbƛпπ.5/ мнл рΦлт  пΦпс 

LǊh
н фтрл мфΦур  лΦлф 
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Figure S1. Raman spectra of Fe1Ni2-BDC and terephthalic acid.  



 

Figure S2. ICP analysis of Fe-BDC, Fe2Ni1-BDC, Fe1Ni1-BDC, Fe1Ni2-BDC and Fe1Ni4-BDC: (a) 

concentration of Fe, calculated by Fe/(Fe+Ni); (b) concentratiosn of Ni, calculated by 

Ni/(Fe+Ni). 

  



 

 

Figure S3. SEM images of Fe-BDC, Fe2Ni1-BDC, Fe1Ni1-BDC, Fe1Ni2-BDC and Fe1Ni4-BDC. The 

Ni-BDC cannot be achieved under the condition applied in the manuscript. 

  



 

Figure S4. Lmages of before (a) and after (b) solvothermal process of Ni-BDC. 

  



 

Figure S5. XPS characterization of Fe-BDC, Fe1Ni2-BDC and Fe1Ni4-BDC: (a) survey, (b) Ni 

2p, (c) Fe 2p, (d) C 1s and (e) O 1s spectra. 

 


