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Evaluation of Brønsted Acidity and Proton Topology in Zr- and Hf-

based Metal–Organic Frameworks Using Potentiometric Acid–

Base Titration 

Rachel C. Klet,
a
 Yangyang Liu,

a
 Timothy C. Wang,

a
 Joseph T. Hupp

a,*
 and Omar K. Farha

a,b,* 

Potentiometric acid–base titration is introduced as a method to evaluate pKa values (Brønsted acidity) of protons present 

in the nodes of water stable Zr6- and Hf6-based metal–organic frameworks (MOFs), including UiO-type MOFs, NU-1000, 

and MOF-808. pKa values were determined for the three typical types of protons present in these MOFs: µ3–OH, M–OH2, 

and M–OH (M = Zr, Hf). Additionally, the data was used to quantify defect sites resulting from either a surfeit or shortage 

of linkers in the MOFs and to provide information about the true proton topology of each material.

Introduction 

Metal–organic frameworks (MOFs) are three-dimensionally 

structured porous materials composed of organic linkers and 

inorganic metal ions or clusters.
1-4

 These materials possess rich 

tunable chemistry and have generated significant interest due 

to their potential applications for gas storage and separation,
5-

8
 sensing,

9, 10
 and catalysis.

11-13
 Zr- and Hf-based MOFs, in 

particular, are especially promising for practical applications 

due to their high water and chemical,
14-17

 thermal,
18

 and 

mechanical stability.
18, 19

 

 In considering these MOFs, one question that has not yet 

been well addressed is the Brønsted acidity of protons present 

on the inorganic nodes.
20

 While this question is directly 

relevant to Brønsted acid-catalyzed reactions (and perhaps 

also for delineating the contributions of Lewis versus Brønsted 

acidity to catalysis),
21, 22

 understanding the acidity of protons 

in the node may also help predict the outcomes of post-

synthesis treatments such as Atomic Layer Deposition in MOFs 

(AIM),
23-26

 or wet impregnation with reactive metal 

precursors.
26-32

 Knowledge of Brønsted acidity may also prove 

instructive for understanding MOF proton conductivity.
33-36

 

One challenge to measuring the Brønsted acidity in MOFs is 

the lack of suitable/compatible characterization methods. For 

example, adsorption techniques commonly employed for 

inorganic solid acids, such as temperature-programmed 

desorption (TPD) with the probe molecules NH3 or pyridine, 

are unlikely to be compatible with all but the most stable 

MOFs.
20, 37

 

 In order to both measure Brønsted acidity values and to 

better understand nuances in the proton topology of Zr- and 

Hf-based MOFs, we sought a method that would be: 1) 

accurate and reproducible, 2) quantitative, 3) technically easy 

to implement, and 4) compatible with a broad scope of MOFs. 

Potentiometric acid–base titrations have been employed to 

measure pKa values of related porous materials including 

zirconium hydroxide.
38, 39

 We felt that with appropriate 

considerations, this method could be extended to water-stable 

MOFs—the most important consideration being to ensure that 

the titrant has ample time to permeate the material fully and 

thereby interrogate all relevant interior sites. Acid–base 

titration has been used on a limited basis previously with 

MOFs, primarily to evaluate the labile proton content of 

materials functionalized with sulfonic acid groups.
40-43

 Other 

authors (including us) have sought to gauge pKa values, at least 

roughly, by measuring the pH values of MOF suspensions or 

coated disks.
21, 22, 44

 But, we believe our current report to be 

the first comprehensive experimental study of MOF acid-base 

energetics as revealed by a systematic assessment of pKas of 

polyprotic building units. As the focus of our study, we chose a 

series of hexa-Zr(IV)- and hexa-Hf(IV)-based MOFs. From the 

study, we conclude that, when coupled with other 

information, potentiometric titrations can yield not only 

information about local Brønsted acidity/basicity, but also 

insights into the identity and number of MOF defect sites, 

especially sites arising from either a surplus or a deficiency of 

linkers. 

Results and Discussion 

The MOF samples were prepared for potentiometric titration 

by dispersing in aqueous NaNO3, then titrating with 0.1 M 
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aqueous HCl to adjust the pH to 3. The samples were then 

titrated with 0.1 M aqueous NaOH until the pH reached 

approximately 10.5. Titration curves were repeated for three 

samples of each material to gauge reproducibility. 

Fig. 1 M6 nodes (M = Zr, Hf) showing 3D porous structure (top), node connectivity 

(middle), and proton topology (bottom) for (a) UiO-type MOFs (12-connected) (UiO-67 

is shown on top), (b) NU-1000 (8-connected), and (c) MOF-808 (6-connected). Protons 

and carboxylate linkers have been omitted from the 3D porous and proton topology 

figures, respectively, for clarity. Zr/Hf, C, H, and O are shown in green, black, white, and 

red, respectively. 

Titration of Zr-UiO-67 and Hf-UiO-67 (benzoic acid 

modulator). As starting points, we examined Zr-UiO-67 and Hf-

UiO-67.
45

 UiO-67, like its better-known congener, UiO-66, 

features a (nominally) 12-connected M6 (M = Zr, Hf) cluster, 

M6(µ3–O)4(µ3–OH)4 (Fig. 1a), with biphenyl-4,4’-dicarboxylate 

(BPDC) linkers. (See Electronic Supporting Information (ESI), 

Fig. S1b.) Assuming surface sites on MOF crystallites (which 

have unknown termination) can be largely ignored, and that 

negligibly few internal defects are present, then only one type 

of titratable proton—a M–µ3–OH proton—is expected. Indeed, 

as shown in Figs. 2 and 3, for each MOF only one equivalence 

point is observed.
‡
 The points are at pH = 7.1 ± 0.3 and pH = 

7.7 ± 0.2 for Zr-UiO-67 and Hf-UiO-67, respectively, consistent 

with the assumption of nearly defect free compositions.
§
 From 

the equivalence points, we calculate pKa values for the M–µ3–

OH protons in Zr-UiO-67 of 3.44 ± 0.02 and in Hf-UiO-67 of 

3.36 ± 0.01 (Table 1).
††

 Overlays of titration curves from each 

of three samples of Zr-UiO-67 and of Hf-UiO-67 reveal 

excellent reproducibility (Fig. S27 and S28, ESI). 

 

Titration of Zr-PCN-57 and Hf-PCN-57. We next investigated 

the Zr and Hf versions of PCN-57, an analogue of UiO-68.
18, 46

 

These materials have the typical 12-connected UiO-type 

cluster M6(µ3–O)4(µ3–OH)4 (M = Zr, Hf) (Fig. 1a) and 2’,3’,5’,6’-

tetramethylterphenyl-4,4”-dicarboxylate (TPDC-4CH3) linkers 

(Fig. S1c, ESI). Unfortunately, due to the highly hydrophobic 

nature of the TPDC-4CH3 linker, as well as minimal missing-

linker-related defects,
47

 these samples do not disperse well in 

aqueous solution, complicating titration measurements. 

Nonetheless, while these data are not quantitative and should 

be interpreted with caution, they similarly show only one 

equivalence point, as indicated by one inflection point in each 

of the titration curve (at 5.4 and 6.0, respectively, for Zr-PCN-

57 and Hf-PCN-57). For both materials, the corresponding pKa 

value is 3.4 (Fig. 4, see ESI for first derivative curves, Fig. S29 

and S30).
‡‡

 This pKa value is experimentally identical to those 

measured for Zr-UiO-67 (3.44 ± 0.02) and Hf-UiO-67 (3.36 ± 

0.01) and we likewise assign it to the µ3–OH protons (Table 1). 

Fig 2 Acid–base titration curve of Zr-UiO-67 (red) and first derivative curve (blue). 

Fig. 3 Acid–base titration curve of Hf-UiO-67 (red) and first derivative curve (blue). 

a) b) c) 
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Fig. 4 Acid–base titration curves for Zr-PCN-57 (red) and Hf-PCN-57 (green). 

Fig. 5 Illustrative depiction of defect sites in UiO-66 from missing linkers. Some 

carboxylate linkers have been omitted for clarity. 

Titration of Zr-UiO-66 and Hf-UiO-66. UiO-66 with 

terephthalate linkers (Fig. S1a, ESI) has been extensively 

studied and, compared to other UiO-type MOFs, defect sites 

arising from missing linkers are well documented.
19, 48-55

 In 

fact, chemical catalysis by UiO-66 is often attributed to defect 

sites,
50, 52, 56-58

 making their characterization and quantification 

of more than just structural interest. Although the exact 

identity of defect sites is unknown, most likely, missing linkers 

are replaced with –OH2 and –OH groups in such a way as to 

compensate for the charge lost with the linkers (Fig. 5 and Fig. 

S14, ESI). (Depending on synthesis conditions, formate and/or 

chloride groups may also function as defect-sited charge-

compensating ligands.) Estimates for missing linkers range as 

high as two per M6 cluster,
51, 52

 and the presence of any 

protons from defect sites should be evident by titration. Thus, 

for UiO-66 at least three types of protons are possible: µ3–OH, 

–OH2 and –OH protons. (The presence of defect sites in our 

samples of Zr-UiO-66 and Hf-UiO-66 are indicated by both N2 

sorption isotherms and thermogravimetric (TGA) analyses, see 

ESI). Acid–base titration of both Zr-UiO-66 and Hf-UiO-66 

reveals curves with three apparent inflection points, which 

may correspond to these three types of protons (Fig. 6 and 7). 

To more accurately estimate the equivalence points in the 

titration curves, the first derivative curves were fit to 

Lorentzian-type peaks (Fig. S32 and S34, ESI). For Zr-UiO-66, 

the fits yielded equivalence points at 5.44 ± 0.04, 7.56 ± 0.01, 

and 9.51 ± 0.08, with corresponding pKas of 3.52 ± 0.02, 6.79 ± 

0.01, and 8.30 ± 0.02. Similarly, for Hf-UiO-66, equivalence 

points were measured at 5.3 ± 0.1, 7.25 ± 0.01, and 9.51 ± 

0.07, with pKas at 3.37 ± 0.02, 6.67 ± 0.03, and 8.14 ± 0.03 

(Table 1). Based on similarity to pKa values determined for UiO-

67 and pKa1 for PCN-57, we assign the first pKa value for each 

MOF (3.52 ± 0.02 and 3.37 ± 0.02 for Zr-UiO-66 and Hf-UiO-66, 

respectively) to the µ3–OH proton. The other titratable protons 

then most likely correspond to defect sites in the node; we 

tentatively assign the second and third pKa values to M–OH2 

and M–OH protons, respectively (Table 1). 

Given the quantitative nature of titration, and assuming 

that each lost ditopic linker introduces one aqua and one 

hydroxo ligand at each of two nodes, it is tempting to try to 

determine the number of missing linkers in UiO-66 based on 

the number of titratable M–OH2 protons and M–OH protons. 

The needed numbers can be calculated from the amount of 

NaOH titrant consumed between the first equivalence and last 

equivalence point. Using this method, we estimate 1.60 

missing linkers for Zr-UiO-66 and 1.70 missing linkers for Hf-

UiO-66 (of ideally 12 total; see Tables S3 and S5, ESI). These 

values seem reasonable based on literature reported values 

estimated by other methods; however, it should be noted that 

no consensus currently exists on the best method to quantify 

defect sites.
19, 50-52, 59

 For comparison, using the TGA method of 

analyses for missing linkers, in which mass loss attributable to 

linker volatilization is compared to the expected value for the 

fully-connected MOF, we obtained missing linker values for Zr-

UiO-66 and Hf-UiO-66 of 1.6 and 0.8, respectively (Fig. S15 and 

S16, Table S1, ESI); we believe the numbers obtained by 

titration are more representative of the true values, as 

potential TGA-related complications such as the presence of 

residual solvent and/or the thermolysis-based formation of 

nonvolatile carbonaceous byproducts are absent from the 

titration experiments. It is worth noting that defect site 

densities in UiO-66 are synthesis-protocol-dependent;
19

 thus, 

the values reported here may well quantitatively describe only 

UiO-66 samples prepared by the same procedure. 

Fig. 6 Acid–base titration curve of Zr-UiO-66 (red) and first derivative curve (blue). 
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Fig. 7 Acid–base titration curve of Hf-UiO-66 (red) and first derivative curve (blue). 

Titration of Zr-UiO-67 (hydrochloric acid modulator). Zr-UiO-

67 has been reported as having no missing linker defects when 

synthesized with benzoic acid (vide supra)
54

 or up to two 

missing linker defects when synthesized with instead 

hydrochloric acid or acetic acid as a growth modulator.
51, 59

 

Acid–base titration of a sample of Zr-UiO-67 synthesized using 

a method reported by us with hydrochloric acid as an additive 

yields a very complex titration curve, most likely indicative of 

missing-linker type defect sites, but perhaps also indicative of 

other types of defects (Fig. 8).
51,§§

 While we found the titration 

curve difficult to model to determine equivalence points and 

calculate pKa values (curve-fitting gave the best results with at 

least 4 peaks, see Fig. S38, ESI), we can calculate pKa values 

that seem reasonable when compared to our data for related 

MOFs. For Zr-UiO-67(HCl), the pKas were determined to be: 

3.67 ± 0.01, 6.6 ± 0.2, 8.15 ± 0.02, and 9.14 ± 0.01 (Table 1). 

The first three pKa values are similar to those measured in Zr-

UiO-66 and Hf-UiO-66, corresponding to our assignments of 

µ3–OH, Zr–OH2, and Zr–OH. The fourth pKa value is tentatively 

ascribed to deprotonation of a MOF decomposition product. It 

is worth noting that post-experiment PXRD assessment of 

material titrated to pH = 9 (below the unexpected fourth 

equivalence point at 9.9 ± 0.03) shows that, even though the 

sample has not dissolved, its crystallinity has been lost. 

Notably, Zr-UiO-67(HCl) is less stable toward basic solutions 

than other MOFs examined. These MOFs, whose titrations do 

not yield a fourth equivalence point, generally lose crystallinity 

only at pH values >9. 

 We did attempt to determine the number of missing 

linkers in Zr-UiO-67(HCl) using the same method employed for 

Zr-UiO-66 and Hf-UiO-66. Based on the amount of titrant 

consumed between the first and last apparent equivalence 

points, we estimate that Zr-UiO-67(HCl) is missing ~1.65 of an 

ideal 12 linkers, i.e. similar to the value measured for UiO-66.
||

 

(Again for comparison, by using TGA, we obtained a value of 

1.3 missing linkers, Fig. S17 and Table S1, ESI). While the cause 

of the greater titration complexity for Zr-UiO-67(HCl) 

compared to UiO-66 is unknown, one can speculate that it may 

be related to a low-symmetry distribution of defects within Zr-

UiO-67(HCl) resulting in different pKa values for similar-type 

protons (µ3–OH, M–OH2, M–OH) in different environments. 

(Examples of differing environments might be nodes featuring 

one vs. two vs. three missing linkers, or pairs of linker loss sites 

arranged proximal to vs. far from each other on a given node.) 

Notably, Goodwin et al. suggest that defect siting in Hf-UiO-66 

is significantly correlated, i.e. spatial distributions of defects 

are not random; no such study has been reported for UiO-67.
53

 

Fig. 8 Acid–base titration curve of Zr-UiO-67(HCl) (red) and first derivative curve (blue).  

Titration of NU-1000. We next turned our attention to the 8-

connected Zr6 MOF, NU-1000.
26

 This material contains a 

tetratopic carboxylate linker 1,3,6,8-tetrakis(p-

benzoate)pyrene (TBAPy) (Fig. S1d, ESI) and Zr6(μ3–O)4(μ3–

OH)4(OH)4(H2O)4 nodes—the detailed proton topology of 

which has recently been reported by us based on combined 

experimental spectroscopic and computational analyses (Fig. 

1b).
60

 Based on the assigned node topology, we anticipated at 

least three types of protons to be indicated by titration, similar 

to defective UiO-66. Acid–base titration of NU-1000 yields 

curves with at least two equivalence points (Fig. 9). When the 

first derivative of the titration curve is fit to Lorentzian-type 

peaks (Fig. S36, ESI), three pKa values are obtained: 3.59 ± 

0.02, 5.75 ± 0.04, 8.2 ± 0.1 (Table 1). Notably, these values are 

similar to those obtained for UiO-66, and like UiO-66, we 

assign to µ3–OH protons, Zr–OH2 protons, and Zr–OH protons, 

respectively. 

In our first report of NU-1000, we noted that a fully 12-

connected secondary framework could be located 

crystallographically with an occupancy of ~20%. Modeling this 

secondary framework as [Zr6(µ3–O)4(µ3–OH)4]2(TBAPy)6 

clusters in the mesopores of NU-1000 at an occupancy of 25% 

led to a simulated N2 adsorption isotherm that is in excellent 

agreement with the experimental isotherm.
26

 We can 

potentially quantify the number of defects (resulting from a 

surplus of linkers) according to the acid–base titration curve 

for NU-1000. If we consider the total amount of titrant (0.1 M 

NaOH) consumed for an approximately 50 mg sample of NU-

1000, we find that only ca. 61% of the expected moles of OH
−
 

(for a defect-free material) has been consumed. If we then 

assume that extra linkers and nodes occupy the framework at 

approximately 25% (resulting in replacement of Zr–OH2 and 

Zr–OH protons with surplus linkers and noting additional µ3–

OH protons with extra nodes), then, pleasingly, we find 
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excellent agreement (ca. 97%) between the moles OH
−
 

consumed and the expected value (Table S7, ESI). It should be 

noted, however, that further quantification of moles OH
−
 

consumed by each type of proton (µ3–OH, Zr–OH2, or Zr–OH) 

breaks down—most likely due to difficulty in separating 

deprotonation steps, as evidenced by the lack of separation 

between inflection points (or equivalence points) in the 

titration curve. Nonetheless, these results point to the value of 

potentiometric acid–base titrations for quantifying defect sites 

in Zr- and Hf-based MOFs resulting from either a surfeit or 

deficiency of linkers. 

 

Titration of MOF-808. MOF-808 is a 6-connected MOF 

featuring Zr6(µ3–O)4(µ3–OH)4(HCOO)6 clusters and benzene-

1,3,5-tricarboxylate (BTC) linkers (Fig. S1e, ESI).
14, 16

 Upon 

thermal activation in fresh solvent, the formate ions are 

presumably replaced with –OH2 and –OH ligands to yield 

Zr6(µ3–O)4(µ3–OH)4(OH)6(OH2)6 nodes (Fig. 1c).
61

 Thus, in terms 

of titratable protons, activated MOF-808 is anticipated to be 

similar to defective UiO-66 or NU-1000 with three types of 

protons corresponding to µ3–OH, –OH2, and –OH protons. 

Acid–base titration of activated MOF-808, however, reveals 

four distinct equivalence points at 5.14 ± 0.07, 7.55 ± 0.06, 

8.74 ± 0.02, and 10.02 ± 0.03 (Fig. 10), resulting in pKa values at 

3.64 ± 0.01, 6.22 ± 0.04, 8.23 ± 0.04, and 9.12 ± 0.02, 

respectively (Table 1). Similar to Zr-UiO-67(HCl), with MOF-808 

we observe three pKa values that appear representative of 

MOFs with M6-based (M = Zr, Hf) nodes with µ3–OH, M–OH2, 

and M–OH protons, as well as a fourth pKa value at higher pH 

which is as yet unassigned.††† These results may nonetheless 

indicate that MOF-808 has a more complex proton topology 

than suggested by the molecular formula. It is also worth 

noting that the total moles of titrant consumed for samples of 

MOF-808 corresponds to only ca. 68% of the moles of OH
−
 

expected based on the assigned crystal structure and node 

composition. Whether the discrepancy is indicative of a more 

complex than proposed node proton distribution, an excess of 

linkers beyond those defining the solved single-crystal X-ray 

structure, or some other factor is unclear. Variable-

temperature diffuse-reflectance infrared Fourier transform 

spectroscopy (DRIFTS) measurements, like those recently 

reported for NU-1000 might prove enlightening.‡‡‡ 

Fig. 9 Acid–base titration curve of NU-1000 (red) and first derivative curve (blue). 

Fig. 10 Acid–base titration curve of MOF-808 (red) and first derivative curve (blue). 

 

Table 1 Calculated pKa values for UiO-66, UiO-67, PCN-57, NU-1000, and MOF-808 

 pKa1  pKa2  pKa3  

MOF µ3-OH –OH2 –OH 

Zr-UiO-67 3.44 ± 0.02 – – 

Hf-UiO-67 3.36 ± 0.01 – – 

Zr-PCN-57 ~3.4 – – 

Hf-PCN-57 ~3.4 – – 

Zr-UiO-66 3.52 ± 0.02 6.79 ± 0.01 8.30 ± 0.02 

Hf-UiO-66 3.37 ± 0.02 6.67 ± 0.03 8.14 ± 0.03 

Zr-UiO-67(HCl) 3.67 ± 0.01 6.6 ± 0.2 8.15 ± 0.02 

NU-1000 3.59 ± 0.02 5.75 ± 0.04 8.2 ± 0.1 

MOF-808 3.64 ± 0.01 6.22 ± 0.04 8.23 ± 0.04 

Experimental Section 

Potentiometric titrations were completed with a Metrohm 

Titrando 905 equipped with Dosino 800 20-mL and 10-mL 

dosing units using procedures similar to those reported for 

Zr(OH)4.
38, 39

 Calibration was performed with commercial pH 

buffers 2.00, 4.00, 7.00, and 9.00 (Metrohm). Prior to titration, 

MOF samples were ground with a mortar and pestle, and then 

approximately 50 mg of sample was dispersed in 

approximately 60 mL of 0.01 M aq. NaNO3 solution, covered 

with parafilm, and allowed to equilibrate for 18 h. Each 

titration solution was charged with a magnetic stir bar, 

adjusted using 0.1 M aq. HCl to a pH of 3, and then titrated 

with 0.1 M aq. NaOH to a pH of 10.5–11 using injection 

volumes of 0.025 mL and an injection rate of 0.02 mL/min. 

Titration curves were collected for three samples of each MOF. 

Equivalence points were obtained from the first derivative of 

the resulting titration curve of pH as a function of volume of 

titrant added, where the maximum points in the derivative 

curve correspond to inflection points and indicate equivalence 

points. pKa values were determined as the pH at one-half of 

the volume of titrant added to reach the equivalence point. 

When more than one peak was observed in the first derivative 

curve, the data were subjected to curve-fitting using IGOR Pro 

6.36 (WaveMetrics, Inc.) with Lorentzian functions. 
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Conclusions 

Potentiometric acid–base titration is an effective experimental 

technique for determining Brønsted acidities of node protons 

in water stable Zr- and Hf-based MOFs. Using this technique, 

pKa values have been assigned to the µ3–OH, –OH2, or –OH 

protons common to these MOFs. A fourth pKa value, indicating 

a fourth type of proton (whose chemical identity has not yet 

been determined), was observed for both Zr-UiO-67(HCl) and 

MOF-808; computational studies may prove useful for 

elucidating the proton topologies in these complex materials. 

Titrations are also useful for quantifying defect sites resulting 

from either a surfeit (NU-1000) or deficit (UiO’s) of linkers. As 

water-stable MOFs move toward the fore, and as the potential 

significance of defect sites in defining MOF functional 

chemistry is increasingly appreciated, we believe that 

potentiometric acid-base titration will prove to be of 

considerable unique, as well as complementary, value for 

characterizing these ubiquitous compounds. 
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Notes and references 

‡Our specula[ve explana[on for the observa[on of only one 
equivalence point (rather than multiple equivalence points as is 
typically observed for a weak polyprotic acid) is that the four 
structurally equivalent µ3–OH protons are separated by a total of 24 
highly ionic Zr(IV)–oxygen(carboxylate) bonds. We further speculate 
that the sodium ions that replace the titrated protons are ion-
paired to the MOF nodes, providing yet more screening. 

§The small shoulder to the left of the main peak in the first 
derivative curve for Zr-UiO-67 (Fig. 2) may be indicative of some 
missing linkers, especially compared to Hf-UiO-67 (Fig. 3), which 
appears to be entirely defect-free. 

††pKa values are independent of concentration (but not 
independent of temperature, ionic strength, and solvent dielectric 
constant), while equivalence points are dependent on 
concentration. Thus, the larger standard deviation on the 
equivalence point value compared to the pKa value may reflect 
small differences in concentration between runs. 

‡‡Due to the difficulty in dispersing these materials in aqueous 
solution, multiple trials were not attempted. 

§§Defective Zr-UiO-67(HCl) samples disperse noticeably better in 
aqueous solution than the apparently non-defective Zr-UiO-67 
samples synthesized with benzoic acid, in accord with the expected 
increase in hydrophilicity for defective samples. See ref. 32. 

||If the last apparent equivalence point for Zr-UiO-67(HCl) is due to 
titration of a site introduced by MOF degradation, the value for the 
number of missing linkers could be as low as 1.10. 

†††Post-experiment PXRD assessment of a sample of MOF-808 
titrated to pH = 10 indicated that crystallinity had been lost. 
Accordingly, the unexpected fourth equivalence point at 10.02 ± 
0.03 may correspond to deprotonation of a decomposition product 
of the MOF (i.e., a structurally ill-defined coordination polymer); 
however, no such peak was observed upon decomposition of other 
MOFs at high pH values putting this assignment in question. 

‡‡‡This result might also suggest incomplete ac[va[on of MOF-
808. 
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