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IL.-SCIE Database Why the website?

L-SCIE Data Visualization Tool:
The L-SCIE database is a valuable global resource but requires familiarity with SQL,
Python, and PHREEQC, which can limit access for users without programming
experience. To overcome this barrier, we developed an interactive, web-based
visualization platform that enables users to easily explore and analyze L-SCIE data.

L-SCIE Database Development:
In collaboration with RES3T, we are building a data digitization pipeline that merges the Dzombak
& Morel approach (data mining, digitization, model fitting) with the RES3T workflow (reaction
constant and metadata mining). This integrated framework supports surface complexation model
(SCM) development and future machine learning (ML) applications.

Current content: 683 references and 75,601 digitized sorption data points with metadata

Focus: raw sorption data from RES3T and related literature

Structure: Microsoft Access relational database (linked tables for references, datasets, and parameters)
Recent update (Clemson): added sorption data for radionuclides including Se-79, Eu-152, Ra-226,
Np-237, U-234/235/238, Pu-238/239/242, and Am-241 on iron (hydro)oxides

Applications: used 1n several studies to test and refine SCM model strategies

Explore: visualize pH, Kd, and sorbed value distributions by element or mineral.
Compare: contrast two minerals or sorbates across key variables.

Analyze: perform built-in statistical analyses (e.g., PCA, clustering) to identify trends.
This tool accelerates data exploration for both new and experienced users—eliminating
the need for manual SQL queries—and will soon be freely accessible online.
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Sorbate: Reference:

The Overview tab provides an entry point into the L- .
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TeLLNL S ace Compexatio ton Exchange (-SC1) profet mcudes s dtabaseofPAIR sonp SCIE database, allowin users to filter, sort, and -
The LLNL Surface Complexation-lon Exchange (L-SCIE) project includes a database of FAIR sorption data mined from the literature and the LLNL Surface Complexation. This dataset provides a comprehensive analysis of various minerals and their interactions with different sorbates 9 g , , thow| 25 + entries Search:

across varying pH levels. The released database is available at GitHub (L-SCIE] .

° ° R R X Reference Source Set SetlD Mineral Mineral_formula Mineral_source Temp Electrolytel Electrolyte1_val Electrolyte1_SD Electrolyte1_units Electrolyte2 Electrolyte2_val Electrolyte2_SD Electrolyte2_units
Key Variables p re‘ 71ew S O rp th n d atas ets dlre Ctlj 7 ln t h e brO ‘ N 7 S er l I S ers 1 0 rgrih14 CLEMSON rgrjh14_flc 1 smectite K(+1) 0.01 0.0005 mol/L Cli+7) 0.01 0.0005 mol/L
+ Mineral: The solid-phase material (e.g., clay minerals, oxides) that acts as the sorbent. Different minerals have unique surface properties, influencing sorption behavior. * 2 1 rgrihl4 CLEMSON rgrjh14 fic 2 smectite K(+1) 0.01 0.0005 mol/L Cl{+7) 0.01 0.0005 mol/L
+ Sorbate: The element or compound that is being sorbed (e.g., heavy metals, nutrients). Sorbate behavior can vary based on ionic size, charge, and environmental conditions. . . 3 2 h1d CLEMSON th1d Fc 3 it K(+1) 001 0.0005 I CI+7) 001 0.0005 "
* pH: The measure of acidity or basicity of the solution. pH strongly affects sorption by altering mineral surface charge and sorbate speciation. C an u1 Ckl brOWS e ke metadata Such aS mlneral t e el rerhas e smectite ’ ’ me ’ ’ me
« Kd (Distribution Coefficient): Represents the ratio of sorbate concentration on the solid phase to that in the solution phase (mL/g). Higher Kd indicates stronger sorption affinity. q y y y p ’ 4 3 rgrihl4 CLEMSON rgrjih14_flc 4 smectite K(+1) 0.01 0.0005 mol/L Cl(+7) 0.01 0.0005 mol/L
+ lonic_Potential: Defined as the ratio of ion charge to ionic radius (z/r). it reflects the jon's ability to polarize and interact with mineral surfaces. A higher ionic potential often correlates with stronger sorption. 5 4 rgrih14 CLEMSON rgrjh14_fic 5 smectite K(+1) 0.01 0.0005 mol/L CI(+7) 0.01 0.0005 mol/L
L] L ] L]
Summary Table S Orb ate pH range and exp erlmental Condltlons and 4 5 rgrih14 CLEMSON rgrjh14_flc 6 smectite K(+1) 0.01 0.0005 mol/L Cl(+7) 0.01 0.0005 mol/L
Metric Count ) ) 7 6 rgrihl4 CLEMSON rgrjh14_flc 7 smectite K(+1) 0.01 0.0005 mol/L Cl(+7) 0.01 0.0005 mol/L
B 7 rgrih14 CLEMSON rgrjh14 _fic 8 ctit K(+1 0.01 0.0005 mol/L ClI(+7 0.01 0.0005 mol/L
Number of References 683 * * ° 4 g r&f) rerhis e smectite 1) mol/ 7] mol/
V 16 ‘N} t e CO l l espo l I 1 l l g S l I Set O ata 1 l I al l ln erac l ‘] e 9 8 rgrjhl4 CLEMSON rgrih14_fic 9 smectite K(+1) 0.01 0.0005 mol/L Cli+7) 001 0.0005 mol/L
Number of Data Points 75601
, 10 9 rgrihl4 CLEMSON rgrjh14 flc 10 smectite K(+1) 0.01 0.0005 mol/L Cl(+7) 0.01 0.0005 mol/L
Number of Datasets 3639
l t l 11 10 rgrjh14 CLEMSON rgrjh14 flc 11 smectite Ki(+1) 0.01 0.0005 mol/L Cl{(+7) 0.01 0.0005 mol/L
Number of Sorbates 72 S earCII a b e a b e . 12 11 rgrjh14 CLEMSON rgrjh14 flc 12 smectite K(+1) 0.01 0.0005 mol/L Cl(+7) 001 0.0005 mol/L
Number of Minerals 143 . . . . 13 12 rgrihl4 CLEMSON rgrjh14 flc 13 smectite K(+1) 001 0.0005 mol/L CI(+7) 001 0.0005 mol/L
Mi I Cl M . hl S lnterfac e 1 S de S 1 gned tO he lp b Oth new and 14 13 rgrjh14 CLEMSON rgrjh14 _flc 14 smectite K(+1) 0.01 0.0005 mol/L Cl{(+7) 0.01 0.0005 mol/L
ineral — Class Mapping I
15 14 rgrjhl4 CLEMSON rgrjh14 f1c 15 smectite K(+1) 0.01 0.0005 mol/L Cl(+7) 0.01 0.0005 mal/L
For visualization purposes, individual minerals were grouped into broader mineral classes. The graph below illustrates this mapping, where each mineral is assigned to its class and the line thickness reflects how many minerals fall into each class. . i i
. 16 15 rgrjhld CLEMSON rgrjh14_flc 16 smectite K(+1) 0.01 0.0005 mol/L Cl(+7) 0.01 0.0005 mol/L
experienced users understand the scope and structure o «on  asovmmncs
:Ggf””r-gh” ‘? 18 17 rgrjhl4 CLEMSON rgrjh14 _fic 18 smectite K(+1) 0.01 0.0005 mol/L Cl(+7) 0.01 0.0005 mol/L
shydrousealuminumeoxid f th d t b b b 19 18 rgrjhl4 CLEMSON rgrih14 _flc 19 smectite Ki(+1) 0.01 0.0005 mol/L Cl{(+7) 0.01 0.0005 mol/L
o e | € aatapasec, 1acnti reicvant Sstudics, an reparce
:abr‘;gtrphDUS.SIh —_— e lGa o b 5 20 19 rgrjh14 CLEMSON rgrjh14.fic 20 smectite K1) 001 0-0005 mol/L clt+7) oot 0.0005 mol/L
:qﬁgr N . 21 20 rgrjihl4 CLEMSON rgrjh14 flc 21 smectite K(+1) 0.01 0.0005 mol/L Cl(+7) 0.01 0.0005 mol/L
= datasets for furth nal n the Com nd Anal | | |
srutil 22 21 rgrihl4 CLEMSON rgrihl4 fic 22 smectite K(+1) 0.01 0.0005 mol/L Cl(+7) 0.01 0.0005 mol/L
bentonite &1 snta ) ’ ’ ’
iklgtcﬁinite 24 23 azbn00 LLNL azbn00_f1 1 quartz Sio2 Na(+1) 0.1 0.005 mol/L Cl(+7) 0.1 0.005 mol/L
Q,Z;_E,tggf’gg'ﬁg“e S tab S R 25 24 azbn00 LLNL  azbn00f1 2 quartz  Si02 Na(+1) 01 0.005 mol/L Cl(=7) 01 0.005 mol/L
amectit (kaolinite) .
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pH vs Aq_val

The View Data tab enables users to visualize relationships between experimental o L eemeasten L - e 4 r
variables 1n the L-SCIE database through interactive scatter plots. Users can select : o ot _.', ,
any combination of parameters (e.g., pH, Kd, sorbate concentration, temperature, or U eR g ._;f, .‘?:'.Z::-:g- BRI
mineral type) to explore data trends and correlations in real time. R A . "g:f‘: 8 TP
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Each plot 1s fully interactive—points can be hovered for metadata, zoomed, or filtered—
making 1t easy to identify outliers, clusters, and patterns across studies. This feature
provides a rapid and intuitive way to examine raw data distributions before moving to
more advanced statistical analysis.

pH vs Kd
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Kd CALCULATOR tab
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Mean Kd (mL/g), Standard Deviation, and Count by Mineral and pH Interval

| This heatmap shows the average Kd (mL/g) by sorbate and mineral, calculated from the current data in the L-SCIE database. Hover over a cell to view the mean (Kd), standard deviation, and count (n). You can optionally apply a log10 color scale (colors only) for better visibility across wide ranges.

pHinterval:

The View Data tab enables users to visualize relationships between experimental
Average Kd (mL/g) by Sorbate x Mineral — [4,5) (logl10 color scale) @ “ o Variables in the L_SCIE database through interactive Scatter plOtS. Users Can SeleCt
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making it easy to identify outliers, clusters, and patterns across studies. This feature
i = == = == provides a rapid and intuitive way to examine raw data distributions before moving to
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Controls Kd Dis.trfbu.tionAnaIysis | Kd Explorer Tab:

Filterby class, mineral sorbate, and K (linear). pietribution of Kd Values by Mineral Class - VISU allze Kd dIStrIbutIOnS
S . across minerals, sorbates,
| and pH ranges using
Interactive boxplots.
Quickly identify patterns

Mineral Classes:

AlO CaC Chlorites Clays Feldspar
FeO MnQO Oxides Phosphates |
Phyllosilicates/Mica Silicates TiO — |
Zeolites ZrO

Minerals: 4-

Sorbate:

Am(+3) Pu Pu(+3) Pu(+3/+4) l

Pu(+3/+4/+5/+6) Pu(+5) Pu(+6) - | comate
Pu(+4) | - :.:1':
Pa(+4) - 5 & - . g . .
g e z e e * B and variability in sorption
Pb(+2) -
i -

behavior.
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And much more, explore the
website 2
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