
Scientific Achievement 

This work establishes metrics for assessing the 
reproducibility of adsorption isotherms in metal–organic 
framework (MOF) materials. This meta-analysis classifies 
~ 20% of isotherms in the literature as outliers which are 
attributed to variations in materials synthesis, 
postsynthetic steps, or degradation of materials.
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How Reproducible Are Isotherm Measurements in 

Metal–Organic Frameworks?

Research Details
– The NIST /ARPA-E Adsorption Database includes published data for 295 adsorbates on over 5000 

materials.

– For CO2 adsorption, only 15 of thousands of known MOFs have enough reported experiments to draw 
strong conclusions about reproducibility. 

Significance and Impact

The results have immediate implications for the 
characterization of gas adsorption in porous materials but, 
more importantly, demonstrate an approach to assessing 
reproducibility that will be widely applicable in materials 
chemistry.

https://pubs.acs.org/doi/10.1021/acs.chemmater.7b04287
Presenter
Sticky Note
Scientific progress is severely impeded if experimental measurements are not reproducible. Materials chemistry and related fields commonly report new materials with limited attention paid to reproducibility. We examine the reproducibility of experimental measurements in a subfield of materials chemistry that has generated tens of thousands of publications, namely the properties of metal–organic frameworks (MOFs). Specifically, we consider the measurement of equilibrium single-component adsorption isotherms in these materials. Single-component adsorption isotherms quantify the amount of an adsorbing species (the sorbate) on the internal and external surfaces of a material (the sorbent) in equilibrium with a bulk phase of the species at a well-defined pressure. These isotherms can be routinely measured using widely available commercial instruments. Assuming proper equilibration and preparation of the system, this implies that differences, if they exist, between measured isotherms for the same material will typically be related to variations in the underlying material’s properties. Recently, the National Institute for Standards and Technology (NIST) has developed a publicly available database that systematically collects single-component adsorption data reported for MOFs (and other sorbents) from the peer-reviewed literature. We examine the issue of reproducibility by a meta-analysis of an exhaustive compilation of adsorption isotherms in MOFs. We show that for the well-studied case of CO2 adsorption there are only 15 of the thousands of known MOFs for which enough experiments have been reported to allow strong conclusions to be drawn about the reproducibility of these measurements. In the examples in which enough data exist to assess the existence of outliers, approximately 20% of isotherms in the literature were classified as outliers. Our results have immediate implications for the characterization of gas adsorption in porous materials but, more importantly, demonstrate an approach to assessing reproducibility that will be widely applicable in materials chemistry.



Meta-analysis of CO2 adsorption isotherm reproducibility in 
HKUST-1 using NIST adsorption database 

To compare isotherms:
• Isotherms must be fitted 

with high R2 (Langmuir, 
Freundlich)

• Temperatures must be 
comparable ± 5 K

• Outliers must be 
identified/discarded, 
depends upon # of 
measurements



Meta-analysis of CO2 adsorption isotherm reproducibility in 
UiO-66 using NIST adsorption database 

Defining outliers:
• If N > 5:  Use Box & Whisker plot, 

discarding outliers beyond 
±1.5*interquartile range (O1)

• If N = 3,4:  Discard outliers beyond ½ 
σ RMSE for the dataset (O2)

• If N = 2:  No way to identify outliers 
(O3)

• N’ :  Number of isotherms for a dataset after 
discarding outliers, determines how we can 
represent consensus adsorption data (left)

• Reproducibility:  N’
• Consistency:  How many (%) outliers in dataset

• Most outliers are assumed to occur because of 
variations in materials synthesis, post-synthesis 
steps, or degradation of materials during storage 
and/or measurement.  



Surface area analysis using reproducibility analysis metrics for 
N2 adsorption isotherms in HKUST-1

Important characteristics of a 
collection of experimental isotherms:
• Outlier level (O1−O3)
• Consistency rating (high, 

moderate, low)
• Reproducibility level (R1−R4)



Reproducibility map of CO2 isotherms in MOFs using 

NIST adsorption database 

• Graphical summary of 
reproducibility, consistency, and 
outlier levels for CO2 isotherms 
in MOFs. Outlier levels are 
indicated by font in the form O3, 
O2, and O1. Font sizes are scaled 
to N‘, the number of 
independent isotherms after 
discarding outliers. 

• Desirable to move towards the 
top right corner of the map with 
additional measurements.

• Reports on a new material that is “promising” because its adsorption properties differ 
from those of existing materials by 15−20% should be treated with skepticism.

• Our methods could be adapted with minimal changes to many areas of materials 
chemistry.

• Finding avenues to encourage sharing of previously unreported data would have long-
lasting value to the community.


