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1.	 General	experimental	details	
	
All	 reagents	 and	 solvents	 were	 purchased	 from	 commercial	 sources	 and	 used	 without	
further	purification.			
	
Powder	X-ray	diffraction	(PXRD)	patterns	for	all	samples	were	recorded	on	a	Bruker	AXS	D8	
Advance	diffractometer	with	copper	Kα	radiation	(λ	=	1.5406	Å)	at	298	K.	The	beam	slit	was	
set	to	1	mm,	detector	slit	set	to	0.2	mm	and	anti-scattering	slit	set	to	1	mm.	Samples	were	
dried	 in	 ambient	 conditions	 and	 ground	 using	 a	 pestle	 and	 mortar.	 The	 powders	 were	
packed	onto	a	flat	plate	and	measured	with	a	2θ	range	of	5	–	60°.	The	step	size	was	0.024°	
with	the	scan	speed	set	to	0.3	s	per	step.	
	
1H	NMR	spectra	were	recorded	on	the	digested	MOFs	at	298	K	on	a	Bruker	Avance	300	MHz	
Ultrashield	NMR	spectrometer.	All	 1H	NMR	spectra	were	referenced	to	the	residual	protio	
peaks	at	δ	2.50	ppm	for	DMSO-d6	with	the	exception	of	MIL-68-(In)	materials,	which	were	
referenced	to	the	residual	protio	peaks	at	δ	4.80	ppm	for	D2O.	Samples	were	dried	at	100	°C	
for	 15	minutes	 prior	 to	 digestion.	 For	 the	UiO-66	materials,	 a	 typical	MOF	 digestion	was	
carried	out	by	adding	10	mg	of	a	crystalline	sample	into	0.4	mL	of	DMSO-d6	and	0.2	mL	of	a	
stock	 solution	 of	 NH4F	 in	 D2O	 (4.14	 M).	 For	 the	 IRMOF	 and	 DMOF	 materials,	 the	 MOF	
digestions	were	each	carried	out	using	approximately	10	mg	of	crystalline	sample	in	0.4	mL	
of	DMSO-d6	and	0.2	mL	of	a	stock	solution	of	0.1	mL	of	35	wt%	DCl/D2O	in	3	mL	DMSO.	For	
the	MIL-68(In)	materials,	 the	MOF	digestion	was	carried	out	with	approximately	10	mg	of	
crystalline	 sample	 in	 0.4	mL	 of	 D2O	 and	 0.2	mL	 of	 a	 stock	 solution	 of	 0.1	mL	 of	 30	wt%	
NaOD/D2O	 in	 3	 mL	 D2O.	 All	 cases,	 the	 mixtures	 were	 sonicated	 until	 all	 solids	 had	
completely	 dissolved.	 COSY	 spectra	were	 used	 to	 fully	 assign	 the	 signals	 for	 the	 digested	
products.	
	
Mass	 spectra	 was	 recorded	 on	 digested	 MOF	 solutions	 diluted	 in	 EtOH,	 using	 a	 Bruker	
micrOTOF	 electrospray	 ionisation	 time-of-flight	 (ESI-TOF)	 mass	 spectrometer.	 Atomic	
emission	 spectroscopy	 was	 carried	 out	 by	 Mr	 Alan	 Carver	 on	 a	 Perkin	 Elmer	 3100	
instrument.	FTIR	spectra	were	recorded	on	solid	samples	using	a	PerkinElmer	Spectrum	100	
spectrometer	mounted	on	a	diamond/gem	platform.	
	
TGA	 was	 carried	 out	 on	 the	 solid	 samples	 using	 a	 Setaram	 Setsys	 Evolution	 16/18	
thermogravimetric	analyser.	The	samples	were	heated	from	30	°C	to	600	°C	at	a	rate	of	20	
K/min	under	a	flow	of	argon	gas	(20	mL/min).	
	
A	typical	gas	sorption	measurement	was	carried	out	by	loading	an	approximately	20	mg	of	
MeOH	rinsed	sample	into	a	pre-weighed	sample	tube.	The	sample	was	then	heated	at	120	
°C	for	12	hours	on	a	BELSORP	Mini-II	(BEL	Japan)	gas	sorption	analyser.	The	sample	tube	was	
re-weighed	to	obtain	a	consistent	mass	of	the	activated	sample	prior	to	the	gas	adsorption	
measurement.	To	determine	the	specific	surface	area,	N2	sorption	isotherm	was	recorded	at	
77	K.	The	temperature	was	kept	constant	using	a	liquid	nitrogen	bath.	The	specific	surface	
area	was	calculated	based	on	the	Brunauer-Emmett-Teller	(BET)	method	in	the	p/p0	range	
of	0.05	-	0.10.	CO2	and	N2	adsorption	isotherms	were	also	recorded	at	273	K.		The	selectivity	
of	CO2	over	N2	of	the	material	was	calculated	from	the	single	gas	isotherms	by	dividing	the	
CO2	uptake	by	that	of	N2	at	a	specific	partial	pressure	(0.1	or	1.0	bar).	 	
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2.	 MOF	structures	
	
The	 structures	 of	 the	 parent	 frameworks	 for	 the	 MOFs	 used	 in	 this	 study	 –	
[Zr6O4(OH)4(bdc)6]	 (UiO-66),S1	 [Zn4O(bdc)3]	 (IRMOF-1/MOF-5),S2	 [Zn2(bdc)2(dabco)]	 (DMOF-
1)S3	and	[In(OH)(bdc)]	(MIL-68(In))S4	–	are	depicted	in	Figure	S1.		
	
	
(a)	

	

(b)	

	
(c)	

 

(d)	

 

	
Figure	S1.		The	structures	of	(a)	UiO-66,	(b)	IRMOF-1,	(c)	DMOF-1	and	(d)	MIL_68(In).	

	
	
3.	 Syntheses	of	1-3a	
	
3.1	 Synthesis	of	UiO-66-NH2	
	
The	synthesis	was	modified	from	a	procedure	reported	by	Garibay	and	Cohen.S5	In	a	typical	
reaction,	H2bdc-NH2	 (190	mg,	1.05	mmol)	along	with	ZrCl4	 (243	mg,	1.05	mmol)	and	DMF	
(12	 mL)	 were	 loaded	 into	 a	 Teflon-lined	 autoclave.	 The	 solution	 was	 stirred	 until	 the	
reactants	had	completely	dissolved.	The	autoclave	was	placed	in	an	oven	and	heated	at	120	
°C	for	24	h.	The	resulting	yellow	powder	was	rinsed	and	centrifuged	with	MeOH	(6000	rpm	
for	15	min)	 to	 remove	unreacted	H2bdc-NH2	and	 residual	DMF	 in	 the	pores.	 The	washing	
procedure	was	repeated	over	3	days	with	the	solvent	replaced	every	24	h.	Finally,	the	UiO-
66-NH2	 powder	 was	 dried	 under	 vacuum	 at	 120	 °C	 for	 12	 h.	 Prior	 to	 post-synthetic	
modification	reactions,	UiO-66-NH2	was	washed	with	1,4-dioxane	by	centrifugation	over	3	
days	with	the	solvent	replaced	every	24	h.	The	powder	was	then	left	to	dry	under	ambient	
conditions.	1H	NMR	(NH4F/D2O/DMSO-d6):	7.56d	(1H),	7.12s	(1H),	7.05d	(1H).		
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3.2	 Synthesis	of	UiO-66-NHCH2pyz,	1	
	
UiO-66-NH2	(117	mg,	ca.	0.4	mmol	eq.	of	NH2)	and	paraformaldehyde	(24	mg,	0.8	mmol,	2	
eq.)	were	added	into	a	glass	vial	containing	methanol	(5	mL).	The	vial	was	placed	in	an	oven	
and	heated	at	50	°C	for	24	h.	The	powder	was	then	washed	with	methanol	(three	times)	via	
centrifugation	 to	 remove	 any	 residual	 paraformaldehyde	 in	 the	 pores	 or	 on	 the	 solid	
surfaces.	The	powder	was	subsequently	treated	with	pyrazole	 (54	mg,	0.8	mmol,	2	eq.)	 in	
1,4-dioxane	at	80°C	for	24	h	before	quenching	the	reaction	by	rinsing	the	sample	with	fresh	
1,4-dioxane.	The	product	was	soaked	 in	1,4-dioxane	for	3	days,	 replacing	the	solvent	with	
fresh	 solvent	 every	 24	 h,	 before	 isolation	 by	 centrifugation.	 Prior	 to	 characterisation,	
samples	were	left	to	dry	in	air	for	2	h	to	obtain	free-flowing	powders.	The	PXRD	pattern	for	
1	 is	shown	in	Figure	S2,	the	1H	NMR	spectrum	of	digested	1	 is	shown	in	Figure	S3,	the	ESI	
mass	spectrum	of	digested	1	 is	shown	in	Figure	S4	and	the	FTIR	spectrum	of	1	 is	shown	in	
Figure	S5.			

	

	
Figure	S2.		The	PXRD	pattern	for	1	in	comparison	with	experimental	PXRD	pattern	for	UiO-66-NH2	

and	the	simulated	pattern	for	UiO-66.	
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Figure	S3.		The	1H	NMR	spectrum	of	1	following	digestion	in	NH4F/D2O	and	DMSO-d6.	

	
	
	
	

	

	
	

Figure	S4.		The	negative	ion	ESI	mass	spectrum	of	1	following	digestion	in	NH4F/H2O.	
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Figure	S5.		The	FT-IR	spectrum	of	1	(red)	in	comparison	to	that	of	UiO-66-NH2(black).	
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3.3	 Synthesis	of	UiO-66-NHCH2im,	2	
	
UiO-66-NH2	(117	mg,	ca.	0.4	mmol	eq.	of	NH2)	and	paraformaldehyde	(24	mg,	0.8	mmol,	2	
eq.)	were	added	into	a	glass	vial	containing	methanol	(5	mL).	The	vial	was	placed	in	an	oven	
and	heated	at	50	°C	for	24	h.	The	powder	was	then	washed	with	methanol	(three	times)	via	
centrifugation	 to	 remove	 any	 residual	 paraformaldehyde	 in	 the	 pores	 or	 on	 the	 solid	
surfaces.	The	powder	was	subsequently	treated	with	imidazole	(54	mg,	0.8	mmol,	2	eq.)	in	
1,4-dioxane	at	80°C	for	24	h	before	quenching	the	reaction	by	rinsing	the	sample	with	fresh	
1,4-dioxane.	The	product	was	soaked	 in	1,4-dioxane	for	3	days,	 replacing	the	solvent	with	
fresh	 solvent	 every	 24	 h,	 before	 isolation	 by	 centrifugation.	 Prior	 to	 characterisation,	
samples	were	left	to	dry	in	air	for	2	h	to	obtain	free-flowing	powders.	The	PXRD	pattern	for	
2	 is	 shown	 in	Figure	S6,	 the	 1H	NMR	spectrum	of	digested	2	 is	 shown	 in	Figure	1,	 the	ESI	
mass	spectrum	of	digested	2	 is	shown	in	Figure	S7	and	the	FTIR	spectrum	of	2	 is	shown	in	
Figure	S8.			
	

	
Figure	S6.		The	PXRD	pattern	for	2	in	comparison	with	experimental	PXRD	pattern	for	UiO-66-NH2	

and	the	simulated	pattern	for	UiO-66.	
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Figure	S7.		The	positive	ion	ESI	mass	spectrum	of	2	following	digestion	in	NH4F/H2O.	
	
	
	
	

	
Figure	S8.		The	FT-IR	spectrum	of	2	(red)	in	comparison	to	that	of	UiO-66-NH2(black).	
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3.4	 Synthesis	of	UiO-66-NHCH2im-SH,	3	
	
UiO-66-NH2	(117	mg,	ca.	0.4	mmol	eq.	of	NH2)	and	paraformaldehyde	(24	mg,	0.8	mmol,	2	
eq.)	were	added	into	a	glass	vial	containing	methanol	(5	mL).	The	vial	was	placed	in	an	oven	
and	heated	at	50	°C	for	24	h.	The	powder	was	then	washed	with	methanol	(three	times)	via	
centrifugation	 to	 remove	 any	 residual	 paraformaldehyde	 in	 the	 pores	 or	 on	 the	 solid	
surfaces.	 The	 powder	 was	 subsequently	 treated	 with	 2-mercaptoimidazole	 (80	 mg,	 0.8	
mmol,	2	eq.)	 in	1,4-dioxane	at	80°C	 for	24	h	before	quenching	the	reaction	by	rinsing	the	
sample	with	fresh	1,4-dioxane.	The	product	was	soaked	in	1,4-dioxane	for	3	days,	replacing	
the	 solvent	 with	 fresh	 solvent	 every	 24	 h,	 before	 isolation	 by	 centrifugation.	 Prior	 to	
characterisation,	samples	were	left	to	dry	in	air	for	2	h	to	obtain	free-flowing	powders.	The	
PXRD	pattern	for	3	 is	shown	 in	Figure	S9,	 the	1H	NMR	spectrum	of	digested	2	 is	shown	 in	
Figure	 S10,	 the	 ESI	 mass	 spectrum	 of	 digested	 3	 is	 shown	 in	 Figure	 S11	 and	 the	 FTIR	
spectrum	of	2	is	shown	in	Figure	S12.			
	

	
Figure	S9.		The	PXRD	pattern	for	3	in	comparison	with	experimental	PXRD	pattern	for	UiO-66-NH2	

and	the	simulated	pattern	for	UiO-66.	
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Figure	S10.		The	1H	NMR	spectrum	of	3	following	digestion	in	NH4F/D2O	and	DMSO-d6.	

	
	
	
	

	
	

Figure	S11.		The	negative	ion	ESI	mass	spectrum	of	3	following	digestion	in	NH4F/H2O.	
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Figure	S12.		The	FT-IR	spectrum	of	3	(red)	in	comparison	to	that	of	UiO-66-NH2(black).	
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3.5	 Synthesis	of	UiO-66-NHCH2im-SH,	3a	
	
UiO-66-NH2	(117	mg,	ca.	0.4	mmol	eq.	of	NH2)	and	paraformaldehyde	(24	mg,	0.8	mmol,	2	
eq.)	were	added	into	a	glass	vial	containing	methanol	(5	mL).	The	vial	was	placed	in	an	oven	
and	heated	at	50	°C	for	24	h.	The	powder	was	then	washed	with	methanol	(three	times)	via	
centrifugation	 to	 remove	 any	 residual	 paraformaldehyde	 in	 the	 pores	 or	 on	 the	 solid	
surfaces.	 The	 powder	 was	 subsequently	 treated	 with	 2-mercaptoimidazole	 (80	 mg,	 0.8	
mmol,	2	eq.)	 in	1,4-dioxane	at	50°C	 for	24	h	before	quenching	the	reaction	by	rinsing	the	
sample	with	fresh	1,4-dioxane.	The	product	was	soaked	in	1,4-dioxane	for	3	days,	replacing	
the	 solvent	 with	 fresh	 solvent	 every	 24	 h,	 before	 isolation	 by	 centrifugation.	 Prior	 to	
characterisation,	samples	were	left	to	dry	in	air	for	2	h	to	obtain	free-flowing	powders.	The	
1H	NMR	spectrum	of	digested	3a	is	shown	in	Figure	S13.		
	

	
Figure	S13.		The	1H	NMR	spectrum	of	3a	following	digestion	in	NH4F/D2O	and	DMSO-d6.	
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4.	 Thermogravimetric	analyses	
	
Thermogravimetric	analyses	for	UiO-66-NH2	and	compounds	1-3	and	3a	are	shown	in	Figure	
S14.			

	
Figure	S14.		Thermogravimetric	analyses	for	UiO-66-NH2	and	compounds	1-3	and	3a.			

	
	
5.	 Gas	adsorption	studies	on	1-3	and	3a	
	
Carbon	dioxide	and	nitrogen	sorption	data	at	273	K	for	UiO-66-NH2	and	compounds	1-3	and	
3a	are	shown	in	Figures	S15	and	S16	respectively.			
	

	
Figure	S15.		Carbon	dioxide	adsorption	and	desorption	data	for	UiO-66-NH2	and	compounds	1-3	and	

3a	at	273	K.			
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Figure	S16.		Nitrogen	adsorption	and	desorption	data	for	UiO-66-NH2	and	compounds	1-3	and	3a	at	

273	K.			
	
	
6.	 Mercury	uptake	studies	on	3a	
	
PXRD	diffraction	patterns	for	3a	prior	to	and	following	treatment	with	mercury(II)	chloride	
are	shown	in	Figure	S17.			
	

	
Figure	S17.		The	PXRD	pattern	for	3a	prior	to	and	following	treatment	with	mercury(II)	chloride	in	

comparison	with	the	simulated	pattern	for	UiO-66.	
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7.	 Syntheses	of	4-7	
	
7.1	 Synthesis	of	IRMOF-NHCH2pyz,	4	
	
IRMOF-3	 was	 synthesised	 according	 to	 a	 previously	 reported	 procedure	 [1H	 NMR	
(DCl/D2O/DMSO-d6):	 7.79d	 (1H),	 7.42d	 (1H),	 7.08dd	 (1H)].S6	 In	 a	 typical	 PSM	 procedure,	
IRMOF-3	crystals	(108	mg,	ca.	0.4	mmol	eq.	of	NH2),	paraformaldehyde	(24	mg,	0.8	mmol,	2	
eq.)	 and	 MeOH	 (32	 μL,	 0.8	 mmol,	 2	 eq.)	 were	 added	 into	 a	 glass	 vial	 containing	 5	 mL	
toluene.	The	vial	was	sealed,	placed	 in	an	oven	and	heated	at	50	°C	for	24	h.	The	crystals	
were	 then	 washed	 with	 fresh	 toluene	 (three	 times)	 to	 remove	 any	 residual	
paraformaldehyde	 and	 MeOH	 in	 the	 pores	 or	 on	 the	 solid	 surfaces.	 The	 crystals	 were	
subsequently	 treated	with	pyrazole	 (54	mg,	0.8	mmol,	2	eq.)	 in	 toluene	at	80	 °C	 for	24	h	
before	quenching	the	reaction	by	rinsing	the	crystals	with	fresh	toluene.	The	crystals	were	
soaked	 in	 toluene	 for	 3	 days,	 replacing	 the	 solvent	 with	 fresh	 solvent	 every	 24	 h.	 The	
crystals	 were	 then	 isolated	 via	 filtration.	 The	 crystals	 were	 stored	 under	 an	 inert	
atmosphere	 to	 avoid	degradation.	 The	PXRD	pattern	 for	4	 is	 shown	 in	 Figure	 S18,	 the	 1H	
NMR	spectrum	of	digested	4	is	shown	in	Figure	S19,	the	ESI	mass	spectrum	for	digested	4	is	
shown	in	Figure	S20	and	the	FTIR	spectrum	of	4	is	shown	in	Figure	S21.			
	

	
Figure	S18.		The	PXRD	pattern	for	4	in	comparison	with	experimental	and	simulated	PXRD	patterns	

for	IRMOF-3.	
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Figure	S19.		The	1H	NMR	spectrum	of	4	following	digestion	in	DCl/D2O	and	DMSO-d6.	

	
	
	
	

	
	

Figure	S20.		The	negative	ion	ESI	mass	spectrum	of	4	following	digestion	in	NH4F/H2O.	
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Figure	S21.		The	FT-IR	spectrum	of	4	(red)	in	comparison	to	that	of	IRMOF-3	(black).	
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7.2	 Synthesis	of	[Zn3(bdc-NH2)1.32(bdc-NHCH2pyz)1.68(dabco)]·2C7H8,	5	
	
DMOF-1-NH2	 was	 synthesised	 according	 to	 a	 previously	 reported	 procedure	 [1H	 NMR	
(DCl/D2O/DMSO-d6):	 7.82d	 (2H),	 7.48d	 (2H),	 7.13dd	 (2H),	 3.60s	 (12H)].S7	 In	 a	 typical	 PSM	
procedure,	DMOF-1-NH2	crystals	(120	mg,	ca.	0.4	mmol	eq.	of	NH2),	paraformaldehyde	(24	
mg,	 0.8	 mmol,	 2	 eq.)	 and	 MeOH	 (32	 μL,	 0.8	 mmol,	 2	 eq.)	 were	 added	 into	 a	 glass	 vial	
containing	5	mL	toluene.	The	vial	was	sealed,	placed	in	an	oven	and	heated	at	50	°C	for	24	h.	
The	 crystals	 were	 then	 washed	 with	 fresh	 toluene	 (three	 times)	 to	 remove	 any	 residual	
paraformaldehyde	 and	 MeOH	 in	 the	 pores	 or	 on	 the	 solid	 surfaces.	 The	 crystals	 were	
subsequently	 treated	with	pyrazole	 (54	mg,	0.8	mmol,	2	eq.)	 in	 toluene	at	80	 °C	 for	24	h	
before	quenching	the	reaction	by	rinsing	the	crystals	with	fresh	toluene.	The	crystals	were	
soaked	 in	 toluene	 for	 3	 days,	 replacing	 the	 solvent	 with	 fresh	 solvent	 every	 24	 h.	 The	
crystals	were	then	isolated	via	filtration.	The	PXRD	pattern	for	5	is	shown	in	Figure	S22	and	
the	simulated	PXRD	pattern	for	5	is	shown	in	Figure	S23.	The	1H	NMR	spectrum	of	digested	
5	is	shown	in	Figure	S24,	the	ESI	mass	spectrum	of	digested	5	is	shown	in	Figure	S25	and	the	
FTIR	spectrum	of	5	is	shown	in	Figure	S26.		The	PXRD	patterns	for	DMOF-1-NH2	treated	with	
paraformaldehyde,	methanol	 and	pyrazole	 are	 shown	 in	 Figure	 S27,	 and	 the	 TGA	 for	5	 is	
shown	in	Figure	S28.			
	
	

	
Figure	S22.		The	PXRD	pattern	for	5	in	comparison	with	that	for	DMOF-1-NH2.	
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Figure	S23.		The	simulated	PXRD	pattern	derived	from	the	crystal	structure	of	5.	
	
	
	
	

	
Figure	S24.		The	1H	NMR	spectrum	of	5	following	digestion	in	DCl/D2O	and	DMSO-d6.	A	singlet	for	

the	12	equivalent	dabco	protons	is	also	observed	at	δ	3.60	ppm.	
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Figure	S25.		The	negative	ion	ESI	mass	spectrum	of	5	following	digestion	in	NH4F/H2O.	
	
	
	
	

	
Figure	S26.		The	FT-IR	spectrum	of	5	(red)	in	comparison	to	that	of	DMOF-1-NH2	(black).	
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Figure	S27.		The	PXRD	pattern	for	5	following	treatment	with	paraformaldehyde,	methanol	and	

pyrazole.	
	
	
	
	

	
Figure	S28.		Thermogravimetric	analyses	for	DMOF-1-NH2	(black)	and	5	(red).			
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7.3	 Synthesis	of	DMOF-1-NHCH2im,	6	
	
In	 a	 typical	 PSM	 procedure,	 DMOF-1-NH2	 crystals	 (120	 mg,	 ca.	 0.4	 mmol	 eq.	 of	 NH2),	
paraformaldehyde	(24	mg,	0.8	mmol,	2	eq.)	and	MeOH	(32	μL,	0.8	mmol,	2	eq.)	were	added	
into	a	glass	vial	containing	5	mL	toluene.	The	vial	was	sealed,	placed	in	an	oven	and	heated	
at	50	°C	for	24	h.	The	crystals	were	then	washed	with	fresh	toluene	(three	times)	to	remove	
any	residual	paraformaldehyde	and	MeOH	in	the	pores	or	on	the	solid	surfaces.	The	crystals	
were	subsequently	treated	with	imidazole	(54	mg,	0.8	mmol,	2	eq.)	in	toluene	at	80	°C	for	
24	h	before	quenching	the	reaction	by	rinsing	the	crystals	with	fresh	toluene.	The	crystals	
were	soaked	in	toluene	for	3	days,	replacing	the	solvent	with	fresh	solvent	every	24	h.	The	
crystals	were	then	isolated	via	filtration.	The	PXRD	pattern	for	6	is	shown	in	Figure	S29,	the	
1H	NMR	spectrum	of	digested	6	is	shown	in	Figure	S30,	the	ESI	mass	spectrum	of	6	is	shown	
in	Figure	S31	and	the	FTIR	spectrum	of	6	is	shown	in	Figure	S32.		The	TGA	for	6	is	shown	in	
Figure	S33.			
	

	
Figure	S29.		The	PXRD	pattern	for	6	in	comparison	with	that	for	DMOF-1-NH2.	
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Figure	S30.		The	1H	NMR	spectrum	of	6	following	digestion	in	DCl/D2O	and	DMSO-d6.	A	singlet	for	

the	12	equivalent	dabco	protons	is	also	observed	at	δ	3.60	ppm.	
	
	
	
	

	
	

Figure	S31.		The	negative	ion	ESI	mass	spectrum	of	6	following	digestion	in	NH4F/H2O.	
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Figure	S32.		The	FT-IR	spectrum	of	6	(red)	in	comparison	to	that	of	DMOF-1-NH2	(black).	

	
	
	
	

	
Figure	S33.		Thermogravimetric	analyses	for	DMOF-1-NH2	(black)	and	6	(red).			
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7.4	 Attempted	synthesis	of	DMOF-1-NHCH2imSH	
	
In	 a	 typical	 PSM	 procedure,	 DMOF-1-NH2	 crystals	 (120	 mg,	 ca.	 0.4	 mmol	 eq.	 of	 NH2),	
paraformaldehyde	(24	mg,	0.8	mmol,	2	eq.)	and	MeOH	(32	μL,	0.8	mmol,	2	eq.)	were	added	
into	a	glass	vial	containing	5	mL	toluene.	The	vial	was	sealed,	placed	in	an	oven	and	heated	
at	50	°C	for	24	h.	The	crystals	were	then	washed	with	fresh	toluene	(three	times)	to	remove	
any	residual	paraformaldehyde	and	MeOH	in	the	pores	or	on	the	solid	surfaces.	The	crystals	
were	subsequently	treated	with	2-mercaptoimidazole	(80	mg,	0.8	mmol,	2	eq.)	in	toluene	at	
80	°C	for	24	h	before	quenching	the	reaction	by	rinsing	the	crystals	with	fresh	toluene.	The	
crystals	were	soaked	in	toluene	for	3	days,	replacing	the	solvent	with	fresh	solvent	every	24	
h.	The	crystals	were	then	isolated	via	filtration.	The	PXRD	pattern	for	the	reaction	product	is	
shown	in	Figure	S34	and	the	1H	NMR	spectrum	of	digested	product	is	shown	in	Figure	S35.			
	

	
Figure	S34.		The	PXRD	pattern	for	the	product	from	the	reaction	between	DMOF-1-NH2,	

formaldehyde	and2-mercaptoimidazole	in	comparison	with	that	for	DMOF-1-NH2.	
	
	
	
	

	
Figure	S35.		The	1H	NMR	spectrum	of	for	the	product	from	the	reaction	between	DMOF-1-NH2,	

formaldehyde	and	2-mercaptoimidazole	following	digestion	in	DCl/D2O	and	DMSO-d6.	
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7.5	 Synthesis	of	MIL-68(In)-NHCH2OCH3,	7	
	
MIL-68(In)-NH2	 was	 synthesised	 according	 to	 a	 previously	 reported	 procedure	 [1H	 NMR	
(NaOD/D2O):	 7.65d	 (1H),	 7.21s	 (1H),	 7.13d	 (1H)].S4	 In	 a	 typical	 PSM	procedure,	 crystals	of	
MIL-68(In)-NH2	crystals	 (124	mg,	ca.	0.4	mmol	eq.	of	NH2)	and	paraformaldehyde	 (24	mg,	
0.8	mmol,	2	eq.)	were	added	into	a	glass	vial	containing	5	mL	MeOH.	The	vial	was	sealed,	
placed	 in	an	oven	and	heated	at	50	 °C	 for	24	h.	The	crystals	were	 then	washed	with	1,4-
dioxane	(three	times)	via	filtration	to	remove	any	residual	paraformaldehyde	and	MeOH	in	
the	pores	or	on	the	solid	surfaces.	The	crystals	were	subsequently	treated	with	pyrazole	(54	
mg,	 0.8	mmol,	 2	 eq.)	 in	 1,4-dioxane	 at	 80	 °C	 for	 24	 h	 before	 quenching	 the	 reaction	 by	
rinsing	 the	 sample	 with	 fresh	 1,4-dioxane.	 The	 product	 was	 soaked	 in	 1,4-dioxane	 for	 3	
days,	replacing	the	solvent	with	fresh	solvent	every	24	h,	before	isolation	by	filtration.	The	
PXRD	pattern	for	7	is	shown	in	Figure	S36,	and	the	1H	NMR	spectrum	of	digested	7	is	shown	
in	Figure	S37.	The	1H	NMR	spectrum	of	digested	product	from	the	reaction	without	pyrazole	
is	shown	in	Figure	S38,	and	the	ESI	mass	spectrum	for	this	material	is	shown	in	Figure	S39.	
The	FTIR	spectrum	of	7	is	shown	in	Figure	S40	and	the	TGA	for	7	is	shown	in	Figure	S41.			
	

	
	

Figure	S36.		The	PXRD	pattern	for	7	in	comparison	with	that	for	MIL-68(In)-NH2.	
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Figure	S37.		The	1H	NMR	spectrum	of	7	following	digestion	in	NaOD/D2O.	
	
	
	
	

	
	

Figure	S38.		The	1H	NMR	spectrum	of	the	product	of	the	reaction	between	MIL-68(In)-NH2,	
formaldehyde	and	methanol,	following	digestion	in	NaOD/D2O.	
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Figure	S39.		The	negative	ion	ESI	mass	spectrum	of	7.	
	
	
	
	

	
Figure	S40.		The	FT-IR	spectrum	of	7	(red)	in	comparison	to	that	of	MIL-68(In)-NH2	(black).	
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Figure	S41.		Thermogravimetric	analyses	for	MIL-68(In)-NH2	(black)	and	7	(red).			
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8.	 Crystal	structure	determinations	
	
Using	the	Olex2	interface,S8	the	structures	were	solved	with	ShelXSS9	and	refined	using	
ShelXL.S10	
	
8.1	 Crystal	structure	of	[Zn3(bdc-NH2)1.32(bdc-NHCH2pyz)1.68(dabco)]·2C7H8	5	
	
Single	 crystal	 X-ray	 diffraction	 data	 for	 5	 were	 collected	 at	 100	 K	 on	 a	 Bruker	 Apex	 II	
diffractometer	 using	 synchrotron	 radiation	 (λ	 =	 1.0333	 Å)	 at	 Beamline	 11.3.1	 at	 the	 ALS	
Lawrence	 Berkeley	 National	 Laboratory.	 Key	 information	 about	 the	 data	 collection	 and	
structure	refinement	is	given	in	Table	S1.			
	
Table	S1.		Data	collection,	structure	solution	and	refinement	for	5.		
	
Empirical	formula	 C50.72H49.72N8.36O12Zn3	
Formula	weight	 1164.50	
Temperature/K	 100.00(10)	
Crystal	system	 trigonal	
Space	group	 R–3m	
a/Å	 18.1826(7)	
b/Å	 18.1826(7)	
c/Å	 13.7312(6)	
α/°	 90	
β/°	 90	
γ/°	 120	
Volume/Å3	 3931.4(3)	
Z	 2	
ρcalc/g	cm–3	 0.984	
μ/mm–1	 2.565	
F(000)	 1197.0	
Crystal	size/mm3	 0.03	×	0.03	×	0.02	
2θ	range	for	data	collection/°	 10.858	to	74.954	
Index	ranges	 –21	≤	h	≤	21,	–21	≤	k	≤	21,	–16	≤	l	≤	16	
Reflections	collected	 10674	
Independent	reflections	 810	[Rint	=	0.0490,	Rsigma	=	0.0236]	
Data/restraints/parameters	 810/31/84	
Goodness-of-fit	on	F2	 1.222	
Final	R	indexes	[I	≥	2σ(I)]	 R1	=	0.0536,	wR2	=	0.1744	
Final	R	indexes	[all	data]	 R1	=	0.0613,	wR2	=	0.1811	
Largest	diff.	peak/hole	/	e	Å–3	 0.76/–0.44	
	
The	asymmetric	unit	in	this	structure	comprises	one	zinc	centre	(Zn1)	with	a	site	occupancy	
factor	 of	 0.083333,	 a	 second	 zinc	 centre	 (Zn2)	 with	 an	 occupancy	 of	 0.166667,	 a	 dabco	
nitrogen		(N1)	and	carbon	(C7)	with	site	occupancies	of	0.16667	and	0.5,	respectively,	plus	a	
portion	of	a	functionalised	benzene	dicarboxylate	ligand	which	overall	represents	a	mixture	
of	bdc-NH2	and	bdc-NHCH2pyz	in	a	34:56	ratio.		
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Atoms	O1,	O2,	C1,	C2,	C3	and	C4	from	the	dicarboxylate	core	are	coincident	with	a	space	
group	 mirror	 plane	 and,	 consequently	 all	 have	 half	 site-occupancy.	 This	 has	 chemical	
integrity	 in	 terms	 of	 a	 Zn:dianion:dabco	 ratio	 within	 the	 asymmetric	 unit	 of	
0.25:0.25:0.16667,	 which	 equates	 to	 a	 ratio	 of	 3:3:1	 in	 the	 gross	 structure.	 Because	 of	
crystallographic	 symmetry,	 the	 functionalities	 in	 both	 bdc	 ligands	 are	 necessarily	
disordered.	Hence,	N2,	which	are	common	to	both	pendant	groups	has	a	site	occupancy	of	
0.25.	C5	and	N3	were	the	only	atoms	that	could	be	 located	with	any	reliability	 in	 the	tag.	
Disorder	 and	 incomplete	 PSM	 conversion	 dictate	 that	 the	 site	 occupancy	 of	 these	 two	
fractional	atoms	is	in	the	region	of	0.14.	
	
Crystallographic	 symmetry	 also	means	 that	 the	dabco	CH2

	moieties	 are	disordered.	Given	
the	 tag	 disorder	 plus	 the	 fact	 that	 the	 electron	 density	 pertaining	 to	 the	 atoms	 therein	
becomes	 more	 diffuse	 with	 distance	 from	 the	 linker,	 the	 usual	 means	 of	 determining	
structural	voids	is	not	really	applicable	here.	In	fact,	use	of	the	PLATON	squeeze	algorithm,	
in	this	case,	afforded	a	dataset	against	which	refinement	yielded	higher	residuals!	However,	
TGA	experiments	indicated	a	mass	loss	that	corresponded	to	a	pair	of	toluene	molecules	for	
every	 three	 zinc	 centres	 present.	 Overall,	 this	 provides	 a	 formulation	 of	 [Zn3(bdc-
NH2)1.32(bdc-NHCH2pyz)1.68(dabco)]·2C7H8	for	this	compound.	ADP	restraints	were	added	on	
merit	for	fractional	occupancy	atoms,	in	the	final	least-squares	cycles	to	assist	convergence.	
The	 asymmetric	 unit	 for	 7	 is	 shown	 in	 Figure	 S42	 and	 the	 orientations	 adopted	 by	 the	
disordered	pyrazole-containing	substituent	are	shown	in	Figure	S43.		
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Figure	S42.		The	asymmetric	unit	of	[Zn3(bdc-NH2)1.32(bdc-NHCH2pyz)1.68(dabco)]·2C7H8	5.		
	

	
Figure	S43.		Part	of	the	structure	of	[Zn3(bdc-NH2)1.32(bdc-NHCH2pyz)1.68(dabco)]·2C7H8	5,	showing	

the	orientation	of	the	pyrazole	rings	away	from	the	bridging	dabco	ligands.		
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8.2	 Crystal	structure	of	[In(OH)(bdc-NH2)0.41(bdc-NHCH2OCH3)0.30(bdc-N=CH2)0.29]	7	
	
Single	 crystal	 X-ray	 diffraction	 data	 for	 7	 were	 collected	 on	 an	 Agilent	 SuperNova	
diffractometer	using	CuKα	radiation	(λ	=	1.5418	Å)	at	150	K.	Key	information	about	the	data	
collection	and	structure	refinement	is	given	in	Table	S2.			
	
Table	S2.		Data	collection,	structure	solution	and	refinement	for	7.		
	
Empirical	formula		 C12.09InNO6.9H13.6		
Formula	weight		 398.14		
Temperature/K		 150.00(2)		
Crystal	system		 orthorhombic		
Space	group		 Cmcm		
a/Å		 21.7325(8)		
b/Å		 37.6102(14)		
c/Å		 7.22490(19)		
α/°		 90.0		
β/°		 90.0		
γ/°		 90.0		
Volume/Å3		 5905.4(3)		
Z		 12		
ρcalc/g	cm–3		 1.343	
μ/mm–1		 9.828	
F(000)		 2368.0	
Crystal	size/mm3		 0.126	×	0.045	×	0.035		
Radiation		 CuKα	(λ	=	1.54184)		
2θ	range	for	data	collection/°		 8.136	to	139.974		
Index	ranges		 –13	≤	h	≤	26,	–22	≤	k	≤	45,	–8	≤	l	≤	8		
Reflections	collected		 3110	
Independent	reflections		 3110	[Rsigma	=	0.0779]		
Data/restraints/parameters		 3110/104/146		
Goodness-of-fit	on	F2		 1.078	
Final	R	indexes	[I	≥	2σ(I)]		 R1	=	0.0401,	wR2	=	0.1087		
Final	R	indexes	[all	data]		 R1	=	0.0548,	wR2	=	0.1197		
Largest	diff.	peak/hole	/	e	Å–3		 0.90/–0.93		
	
Despite	 collection	 of	 a	 good	 data	 set	 for	 this	 structure,	 high	 symmetry	 in	 the	 diffraction	
pattern	caused	considerable	difficulties	in	space	group	assignment.	The	credible	contenders	
were	 the	 hexagonal	P63/mmc	 and	 the	 orthorhombic	Cmcm.	 Both	were	 explored	 in	 detail	
before	presentation	of	the	model	here	which	is	in	the	latter	setting.	A	solution	was	brokered	
in	 the	higher	 symmetry	hexagonal	option,	but	with	477	 systematic	absence	violations,	no	
detectable	twinning	options.	
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Space	 group	 Cmcm	was	 then	examined	and	 a	 reasonable	 solution	was	 extracted	wherein	
the	asymmetric	unit	was	seen	to	comprise	two	metal	centres	with	site	occupancies	of	0.5	
and	0.25	for	In1	and	In2,	respectively,	half	of	a	dicarboxylate	ligand	(based	on	O3)	with	C4,	
C5	 C8	 and	 C9	 located	 at	 a	 crystallographic	 mirror	 plane,	 one	 quarter	 of	 a	 dicarboxylate	
ligand	(based	on	O2)	with	C1	and	C2	also	located	at	a	mirror	plane.	This	latter	moiety	is	also	
proximate	 to	 a	 second	 crystallographic	mirror	 plane	which	 contributes	 to	 generating	 the	
remainder.	Two	OH	ligands	(based	on	O1	and	O5)	with	combined	site	occupancies	of	0.75	
are	 also	present	 in	 the	 asymmetric	 unit	 and,	 finally,	 there	was	 evidence	 for	 some	diffuse	
solvent	present	in	the	framework.	Initial	refinement,	pre	PLATON	SQUEEZE	rendered	an	R1	
value	in	the	region	of	9.6%	-	but	with	a	poor	weighting	scheme.		
	
PLATON	 analysis	 suggested	 that	 the	 data	 might	 have	 arisen	 from	 a	 3-fold	 pseudo-
merohedral	twin,	and	a	refinement	against	an	appropriate	dataset	reduced	the	R1	value	to	
the	region	of	6.5%.	At	this	point,	there	was	no	evidence	of	the	tag,	so	hydrogen	atoms	were	
attached	to	the	aromatic	carbons	prior	to	implementation	of	PLATON	SQUEEZE.	Subsequent	
refinement	against	the	arising	dataset	from	this	algorithm	revealed	electron	density	maxima	
in	the	region	of	the	aromatic	hydrogens,	but	at	a	longer	distance	from	these	carbons.	This	
was	interpreted	as	evidence	for	the	nitrogen	in	the	tags	being	disordered	amongst	the	aryl	
carbons.	 Hence,	 the	 aromatic	 carbons	 were	 removed	 from	 the	 model,	 in	 favour	 of	 3	
isotropically	refined,	partial	occupancy	nitrogens	per	asymmetric	unit.	C–N	distances	were	
restrained	 to	 being	 similar	 given	 the	 low	 level	 of	 electron	 density	 at	 each	 site.	 0.8	 of	 a	
dioxane	molecule	per	indium	centre	are	included	in	the	empirical	formula	given	here	based	
on	TGA	results	for	this	material.	
	
Atoms	C3,	C6	and	C7	exhibited	disorder	which	was	modelled	over	2	sites	in	50:50,	66:34	and	
66:34	 ratios,	 respectively.	 Some	 ADP	 restraints	 were	 also	 included	 in	 the	 refinement	 to	
assist	convergence.	The	asymmetric	unit	for	7	is	shown	in	Figure	S44.	
	

	
	

Figure	S44.		The	asymmetric	unit	of	[In(OH)(bdc-NH2)0.41(bdc-NHCH2OCH3)0.30(bdc-N=CH2)0.29]	7.		
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