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Section 1 Experimental Section

Synthesis procedures

The materials to be added at the start of the reaction are as follows:

60 nm: NH2-BDC (71.6 mg) and AlCI3-6H20 (286.1 mg) were dissolved in 7.9
mL MeOH using ultrasound.

120 nm: NH2-BDC (100.2 mg) and AICl3-6H20 (400.5 mg) were dissolved in 7.9
mL MeOH using ultrasound.

250 nm: NH2-BDC (143.2 mg) and AICI3-6H20 (572.2 mg) were dissolved in 7.9
mL MeOH using ultrasound.

320 nm: NH2-BDC (171.8 mg) and AICI3-6H20 (686.6 mg) were dissolved in 7.9
mL MeOH using ultrasound.

510 nm: NH2-BDC (214.8 mg) and AlICI3-6H20 (858.3 mg) were dissolved in 7.9

mL MeOH using ultrasound.

Thermal gravimetric analysis (TGA)

All measurements were performed on a TGA analyzer with samples held in
aluminum oxide pans in a continuous airflow atmosphere (Balance gas: N2:
40.0 mL/min, Sample gas: Air: 60.0 mL/min). The samples were heated at a

constant rate of 10°C during all TGA experiments.

N2 adsorption analysis

All N2 adsorption experiments were performed on a Micromeritics 3 Flex
automatic volumetric instrument. A liquid nitrogen bath (77 K) was used for
isotherm measurements. Ultra-high purity grade N2 was used for the adsorption
experiments. Before the isotherm measurement, a series of CAU-1 samples
were degassed on 3 Flex for 10 h at 120°C. The Brunauer-Emmett-Teller (BET)
analysis was performed by plotting x/v(1-x) vs x, where x = P/Po (Po = 1 bar)
and v was the volume of nitrogen adsorbed per gram of MOF at standard
temperature and pressure (STP). This analysis produced a curve typically
consisting of three regions: concave to the x-axis at low pressures, linear at

intermediate pressures, and convex to the x-axis at high pressures. The slope



([c-1]/vmc) and y-intercept (1/vmc) of this linear region gave the monolayer
capacity, vm, that was then used to calculate the surface area from A = vmooNav,
where 0o was the cross-section. All areas of the adsorbate at liquid density (16.2
AZ? for nitrogen), and Nav was Avogadro’s number. Pore size distributions for
MOFs were analyzed using quenched non-local density functional theory

(NLDFT) based on a carbon model containing slit pores.

Powder X-ray diffraction crystallography
The Powder X-ray Diffraction (PXRD) data of series CAU-1 were collected on
a Bruker D8 3 kW diffractometer with Cu-Ka1 X-ray radiation (A = 1.5406 A) in

transmission geometry.

Hyperpolarized '2°Xe NMR

The gas mixture was polarized using a custom-built hyperpolarizer and then
bubbled directly into a 10 mm NMR tube containing the MOF sample for 15 s,
followed by a 3 s delay to allow the bubbles to collapse. The '**Xe spectra were
acquired using a zg pulse sequence (rectangular pulse, pulse length p1 = 31.8

ms).



Section 2 Characterization

TEM of CAU-1
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Figure S1. (A) and (B) SEM images of CAU-1 nanoparticles at different scales, scare bars

1 um and 500 nm, and (C) particle size distribution calculated from SEM images. The

average particle size is approximately 60 nm.
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Figure S2. (A) and (B) SEM images of CAU-1 nanoparticles at different scales, scare bars

1 ym and 500 nm, and (C) particle size distribution calculated from SEM images. The

average particle size is approximately 120 nm.
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Figure S3. (A) and (B) SEM images of CAU-1 nanoparticles at different scales, scare bars
1 uym and 500 nm, and (C) particle size distribution calculated from SEM images. The

average particle size is approximately 250 nm.
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Figure S4. (A) and (B) SEM images of CAU-1 nanoparticles at different scales, scare bars
1 ym and 500 nm, and (C) particle size distribution calculated from SEM images. The

average particle size is approximately 320 nm.
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Figure S5. (A) and (B) SEM images of CAU-1 nanoparticles at different scales, scare bars
1 ym and 500 nm, and (C) particle size distribution calculated from SEM images. The

average particle size is approximately 510 nm.



PXRD of CAU-1
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Figure S6. Comparisons of the experimental PXRD pattern of activated CAU-1 in different
particle sizes (60, 120, 250, 320, and 510 nm) with the simulated diffraction pattern (black)
(CuKa A\ =1.5406 A).



FT-IR spectroscopy of CAU-1

Transmittance (%)

—— BDC-NH,
——— CAU-1

T T T T T T T T T
3600 3000 2400 1800 1200
Wavenumber (cm™)

Figure S7. Fourier-transform infrared (FT-IR) spectroscopy of CAU-1 and 2-
aminoterephthalic acid.



N2 adsorption isotherms of CAU-1
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Figure S8. Nitrogen isotherm of CAU-1 (particle size 60 nm) at 77 K. Blue and red symbols
represent absorption and desorption branches, respectively. Points are connected to

provide a clear shape of the isotherm.
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Figure S9. Pore size distribution analysis of CAU-1 (particle size 60 nm) based on the

corresponding Nz isotherms.
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Figure S10. BET area calculation for CAU-1 (particle size 60 nm) based on nitrogen
isotherm at 77 K. (A) The points between the dashed lines are selected based on the first

consistency criterion, (B) Plot showed good fitting of the BET model.
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Figure S11. Nitrogen isotherm of CAU-1 (particle size 120 nm) at 77 K. Blue and red
symbols represent absorption and desorption branches, respectively. Points are connected

to provide a clear shape of the isotherm.
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Figure S12. Pore size distribution analysis of CAU-1 (particle size 120 nm) based on the

corresponding Nz isotherms.
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Figure S13. BET area calculation for CAU-1 (particle size 120 nm) based on nitrogen
isotherm at 77 K. (A) The points between the dashed lines are selected based on the first

consistency criterion, (B) Plot showed good fitting of the BET model.
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Figure S14. Nitrogen isotherm of CAU-1 (particle size 250 nm) at 77 K. Blue and red
symbols represent absorption and desorption branches, respectively. Points are connected

to provide a clear shape of the isotherm.



1.5
n
T
_1.04
=
£ | .
> [
£ |
£ 0.54 |
= o
u
0.0 " \.—./l""’.*Ifl -85 —u
T T T T T T T T T
1.5 2.0 2.5 3.0

0.0 0.5 1.0
Pose size (nm)

Figure S15. Pore size distribution analysis of CAU-1 (particle size 250 nm) based on the

corresponding Nz isotherms.
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Figure S16. BET area calculation for CAU-1 (particle size 250 nm) based on nitrogen
isotherm at 77 K. (A) The points between the dashed lines are selected based on the first

consistency criterion, (B) Plot showed good fitting of the BET model.
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Figure S17. Nitrogen isotherm of CAU-1 (particle size 320 nm) at 77 K. Blue and red
symbols represent absorption and desorption branches, respectively. Points are connected

to provide a clear shape of the isotherm.
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Figure S18. Pore size distribution analysis of CAU-1 (particle size 320 nm) based on the

corresponding Nz isotherms.
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Figure S19. BET area calculation for CAU-1 (particle size 320 nm) based on nitrogen

isotherm at 77 K. (A) The points between the dashed lines are selected based on the first

consistency criterion, (B) Plot showed good fitting of the BET model.
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Figure S20. Nitrogen isotherm of CAU-1 (particle size 510 nm) at 77 K. Blue and red
symbols represent absorption and desorption branches, respectively. Points are connected

to provide a clear shape of the isotherm.
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Figure S21. Pore size distribution analysis of CAU-1 (particle size 510 nm) based on the

corresponding Nz isotherms.
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Figure S22. BET area calculation for CAU-1 (particle size 510 nm) based on nitrogen
isotherm at 77 K. (A) The points between the dashed lines are selected based on the first

consistency criterion, (B) Plot showed good fitting of the BET model.



Thermo gravimetric analysis (TGA) of CAU-1
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Figure S23. TGA trace of activated series of MOFs. In each TGA plot, the small weight loss

before 100°C was attributed to the evaporation of water introduced into MOF from air

during the sample mounting. The major weight loss evidenced (around 300°C) was caused

by the destruction of CAU-1 series. The thermal stability of these MOF samples was

demonstrated by thermo gravimetric analysis (TGA) in air where no obvious structure

decomposition was observed until 300°C.



Section 3 Experiments
Hyperpolarized °Xe MRI for CAU-1
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Figure S24. Hyperpolarized '?°Xe MRI for different concentrations of CAU-1.
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Figure S25. The average Hyper-CEST effect of different concentrations of CAU-1 in
aqueous solution. The Hyper-CEST effect was calculated based on the average of 4 on-
resonant (saturation on Xe @ cage: -41 ppm) and 4 off-resonant (saturation at 41 ppm)

images (The chemical shift of dissolved '*°Xe was set as 0 ppm).



Water-stability for CAU-1
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Figure S26. TEM for CAU-1 after immersion in water for different days.
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Figure S27. PXRD for CAU-1 after immersion in water for different days.
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Figure S28. Hyper-CEST spectra for CAU-1 after immersion in water for different days.



Hyper-CEST for CAU-1 at different saturation power
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Figure S29. Quantitatively analyzes the chemical exchange saturation transfer of '2°Xe in

CAU-1. The exchange rate of the entrapped Xe to the dissolved Xe is 6155+847Hz.



Zeta potential for CAU-1 at different pH values
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Figure S30. Zeta potential of CAU-1 in aqueous solution at pH 6.6, the test was repeated

three times.



2.5x10°
c 2.0x10°
-% Average Zeta potential:
2 ; 27.6+0.4 mV
5 1.5x10° 1
©
=
‘@ 1.0x10° A
2L
IS

5.0x10" A

0.0
T T T T T T T
-100 -50 0 50 100

Zeta potential (mV)

Figure S31. Zeta potential of CAU-1 in aqueous solution at pH 6.0, the test was repeated

three times.
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Figure S32. Zeta potential of CAU-1 in aqueous solution at pH 5.0, the test was repeated

three times.
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Figure S33. Zeta potential of CAU-1 in aqueous solution at pH 4.0, the test was repeated

three times.
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Figure S34. Zeta potential of CAU-1 in aqueous solution at pH 3.0, the test was repeated

three times.
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Figure S35. The pH-dependent Zeta potential of CAU-1 in aqueous solution. SD is based

on three different tests.



DLS patrticle size for CAU-1 at different pH values
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Figure S36. DLS size distribution of CAU-1 nanoparticles in water at pH 6.6, the test was

repeated three times.
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Figure S37. DLS size distribution of CAU-1 nanoparticles in water at pH 6.0, the test was

repeated three times.
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Figure S38. DLS size distribution of CAU-1 nanoparticles in water at pH 5.0, the test was

repeated three times.



| |——pH4.0 1
20 ——pH4.0 2
pH4.0 3
— 154 Average particle size:
X 342413 nm
< PDI 0.14
o
K 10
5_
O T LAY | T T T LIRS | T
1 10 100 1000

Particle size (nm)

Figure S39. DLS size distribution of CAU-1 nanoparticles in water at pH 4.0, the test was

repeated three times.
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Figure S40. DLS size distribution of CAU-1 nanoparticles in water at pH 3.0, the test was

repeated three times.



Table S1. The summary of the pore sizes, pore volumes, and BET surface area in different
MOF samples.

Sample Pore size (A) Total pore volume BET surface area
(cm®g) (m?g)
CAU-1-60 nm 0.679 0.804 1.309 1498
CAU-1-120 nm 0.679 0.804 0.645 1252
CAU-1-250 nm 0.679 0.804 0.673 1398
CAU-1-320 nm 0.679 0.804 0.604 1271

CAU-1-510 nm 0.679 0.804 0.577 1231





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


