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General Procedures:

Powder XRD

Crystals of 1 were collected from growth solutions and washed with methanol (1x) and acetone 
(2x).  The crystals were then dried under vacuum to remove any remaining surface residues.  
The crystals were finely ground immediately prior to powder XRD analysis.  The ground sample 
was place onto a glass slide and pressed flat with microscope slide.  PXRD patterns were 
collected on a Rigaku Ultima IV X-ray diffractometer containing a CuKα source (λ =1.54051Å) 
and viewed with MDI Jade 9 software.  XRD patterns were then collected from 2θ = 2° to 40°.

Thermogravimetric Analysis

Crystals of 1 were collected from growth solutions and washed with methanol (1x) and acetone 
(2x).  The crystals were then dried under vacuum to remove any remaining surface residues.  
The crystals were immediately transferred to a platinum TGA pan for analysis.  TGA data was 
then collected using a Thermal Advantage TGA Q50 (TA Instruments) and TA Universal 
Analysis software for data analysis.  TGA data was collected from 40°C up to 550°C depending 
on the sample with an initial 3 minute hold at 40°C.  The heating rate was 10°C/minute.

Gas Chromatography/Mass Spectrometer

An HP gas chromatograph 5900 and HP gas chromatography mass spectrometer 5988A were 
used to collect all chromatographic data.  For GC/GCMS method development, the isolated 
crystals were placed inside of a 20mL GC headspace vial (Xpertek, PJ. Cobert, Cat#954040) 
with a high temperature rated septa within the cap (Xpertek, PJ. Cobert, Cat#952237).  The 
standalone GC was only used for initial aspects of 1·toluene analysis.  The GC oven 
temperature was initially 30°C for 3.0 minutes, then ramped to 150°C at a rate of 20°C/min and 
held for 1.0 minute.  The injection port temperature was 250°C.  The total analysis time was 
10.50 minutes.  The GC used an 15m SPB-1 column, 10µm film thickness, 0.2mm ID, bonded, 
100% dimethyl siloxane stationary phase.  The GCMS oven temperature was initially 30°C for 
3.0 minutes, then ramped to 150°C at a rate of 20°C/min and held for 1.0 minute.  The injection 
port temperature was 250°C.  The total analysis time was 10.50 minutes.  GCMS guest 
determinations were performed using an 11m HP-1 Ultra column, with a 0.2mm I.D x 0.33µm 
film.
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The following SPME fibers were used during the course of this research: 

a) 100 µm polydimethyl siloxane (PDMS) coated SPME fiber (Supelco, Cat# 57300-U
b) 7µm PDMS coated SPME fiber (Supelco, Cat#57302) 
c) 85µm polyacrylate (PA) coated SPME fiber (Supelco, Cat# 57305)

Guest Evolution Studies

A new approach was used to determine that the toluene guest molecule was still evolving from 
the framework and was not just part of the head space. To show this, a new crystal (20mg) was 
placed in a headspace vial and then placed into a heating block well. The block had been pre-
heated to 110°C. 110°C was a peak maximum from the TGA derivative plot. 10uL of headspace 
was sampled every minute for ten minutes using a gastight syringe with built-in valve and 
injected into the GCMS (Table S.1). The hole created by the syringe was covered with fresh 
Para film in between sample injections. The area count increased to a maximum within two 
minutes. After two minutes, the peaks did not increase greatly in intensity other than what could 
be explained by fluctuations due to sampling error since the test was performed manually.

Table S.1 – Measured peak areas for timed extractions of the toluene guest

Time 
(Mins)

Injection 
Number

Peak Area 
(Abundance)

0 1 368440

1 2 734970

2 3 6336325

3 4 4683424

4 5 4315510

5 6 8186782

6 7 2483174

7 8 4255166

8 9 3837816

9 10 4949555

10 11 3824192

Guest Evolution and TGA Analysis

GCMS parameters were used for detection of the guest. The average weight of the sample for 
this series was 23mg. An 85 µm polyacrylate SPME fiber was used for this study. The TGA was 
loaded with a platinum tray and the guest-containing crystal. The TGA program was set to 
immediately increase to 40°C and then perform an isotherm for 3 minutes. A heating ramp 
would then increase the temperature by 10°C/min until 500°C. It was assumed from the TGA 
that guest would not be detectable at 145°C. The fiber was left to the side of the instrument well 
away from the exhaust while the temperature ramped. At a specific temperature, the fiber was 
then introduced to the exhaust port of the TGA and immediately exposed for absorption 



At each temperature point, the fiber was exposed until the TGA reached 145°C.  Working 
backwards from 130°C - 100°C, the absorption time for the fiber is increase because of the 
heating ramp of 10°C/min. For example, the fiber would be exposed to off-gas for 1.5 minutes 
from 130°C -145°C and injected. On a new sample, the fiber would then be exposed to off-gas 
for 2.5 minutes from 120°C - 145°C and so on. It was expected that the concentration of the 
guest molecule should increase and thus give an increase in peak area once the fiber has 
desorbed into the GCMS. To compensate for the long exposure time of the fiber at lower 
temperatures, the total time (+30s) of exposure from 100°C to 145°C was used for 140°C to 
show that little guest remained at the tail of the TGA peak at that temperature. The temperature 
ramp was held at an isotherm at 140°C for the five minute interval. If the peak area is compared 
between 130°C and 140°C, based on the longer exposure time, there is likely a lower 
concentration of guest molecule left in the framework at 140°C than 130°C. This is comparable 
to what is seen in the TGA derivative overlay plot.   
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Figure S.1. – Powder XRD of 1•toluene guest filled framework 
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Figure S.2 – Powder XRD of 1•m-xylene and 1,3-diethylbenzene  guest filled framework



Figure S.3 – GC chromatograph of GC determination of toluene from 1 for GC parameters



Figure S.4 – GC chromatograph of toluene from 1 using 100µm PDMS SPME fiber from TGA 
exhaust



Figure S.4.1 – Peak area from Figure S.4



Figure S.5 – GC chromatograph of toluene in methanol solution, direct inject



 Figure S.5.1 – Peak area from Figure S.5



Figure S.6 – GCMS chromatograph of toluene from 1 using 85µm Polyacrylate SPME fiber from 
TGA exhaust



Figure S.6.1 – Peak area from Figure S.6



Figure S.7 – GCMS chromatograph of toluene from 1 using 7µm PDMS SPME fiber at 60°C



Figure S.7.1 – Peak area from Figure S.7



Figure S.8 – GCMS chromatograph of toluene from 1 using 7µm PDMS SPME fiber at 70°C



Figure S.8.1 – Peak area from Figure S.8



Figure S.9 – GCMS chromatograph of toluene from 1 using 7µm PDMS SPME fiber at 80°C



Figure S.9.1 – Peak area from Figure S.9



Figure S.10 - GCMS chromatograph of toluene from 1 using 7µm PDMS SPME fiber at 90°C



Figure S.10.1 – Peak area from Figure S.10



Figure S.11 – GCMS chromatograph of toluene from 1 using 7µm PDMS SPME fiber at 100°C



Figure S.11.1 – Peak area from Figure S.11



Figure S.12 – GCMS chromatograph of toluene from 1 using 7µm PDMS SPME fiber at 110°C



Figure S.12.1 – Peak area from Figure S.12



Figure S.13 – GCMS chromatograph of toluene from 1 using 7µm PDMS SPME fiber at 120°C



Figure S.13.1 – Peak area from Figure S.13



Figure S.14 – GCMS chromatograph of toluene from 1 using gas-tight syringe, sampled every 
60s at 110°C



Figure S.14.1 – Peak area from Figure S.14



Figure S.15 – GCMS chromatograph of toluene from 1 using 7µm PDMS SPME fiber at 120°C, 
2 mins



Figure S.15.1 – Peak area from Figure S.15



Figure S.16 - GCMS chromatograph of toluene from 1 using 7µm PDMS SPME fiber at 110°C, 
post-purge



Figure S.16.1 – Peak area from Figure S.16



Figure S.17 - GCMS chromatograph of toluene from 1, TGA off-gas using 85µm PA SPME fiber 
at 100°C



Figure S.17.1 – Peak area from Figure S.17



Figure S.18 - GCMS chromatograph of toluene from 1, TGA off-gas using 85µm PA SPME fiber 
at 110°C



Figure S.18.1 – Peak area from Figure S.18



Figure S.19 - GCMS chromatograph of toluene from 1, TGA off-gas using 85µm PA SPME fiber 
at 120°C



Figure S.19.1 – Peak area from Figure S.19



Figure S.20 – GCMS chromatograph of toluene from 1, TGA off-gas using 85µm PA SPME fiber 
at 130°C



Figure S.20.1 - Peak area from Figure S.20



Figure S.21 - GCMS chromatograph of toluene from 1, TGA off-gas using 85µm PA SPME fiber 
at 140°C



Figure S.21.1 – Peak area from Figure S.21



Figure S.22 - GCMS chromatograph of m-xylene and 1,3-diethylbenzene from 1 using 85µm PA 
SPME fiber, from TGA exhaust gas



Figure S.22.1 – Expansion of GCMS peak at 5m 1s from Figure S.22, m-xylene



Figure S.22.2 – Expansion of GCMS peak at 7m 25s from Figure S.22, 1,3-diethylbenzene



Figure S.22.3 – Peak area from Figure S.22


