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Lianbinite, (NH4)(C2H3O3)(C2H4O3), a new glycolate mineral from the Santa
Catalina Mountains, Tucson, Arizona, U.S.A.
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ABSTRACT

A new organic mineral species, lianbinite, ideally (NH4)(C2H3O3)(C2H4O3), was discovered from the
western end of Pusch Ridge in the Santa Catalina Mountains, north of Tucson, Arizona, U.S.A. It occurs
as bladed or acicular crystals, associated with baryte, fluorite, glecklerite, jarosite, jimkrieghite, quartz,
and rasmussenite. Lianbinite is colorless, transparent with a white streak and vitreous luster. It is brittle
and has a Mohs hardness of 1–1½; cleavage is perfect on {100}. No parting or twinning was observed.
The calculated density is 1.497 g/cm3. The chemical composition of lianbinite was determined with a
Thermo Finnigan DELTAplus XL Elemental Combustion System equipped with a mass spectrometer,
yielding an empirical formula (N0.98H4.06)(C1.98H3O3)(C1.99H3O3), or N0.98C3.97H11.06O6, on the basis
of 6 O apfu.

Lianbinite is the natural counterpart of synthetic (NH4)(C2H3O3)(C2H4O3), which is isostructural
with synthetic K(C2H3O3)(C2H4O3) and Rb(C2H3O3)(C2H4O3). It is monoclinic with space group
P21/c, and unit-cell parameters a = 3.91305(11), b = 18.7499(4), c = 10.7214(2) Å, β = 107.444(2)°,
V = 750.45(3) Å3, and Z = 4. The crystal structure of lianbinite contains two forms of glycolate units:
glycolate anions (GAs) and glycolic acid molecules (GMs). These two units are linked together by
hydrogen bonds to form a three-dimensional network with two kinds of channels extending along
[100]. The large channel is surrounded by O atoms, with (NH4)� groups situated inside, whereas
the small one is enclosed by H atoms. The discovery of lianbinite, together with eight other glycolate
minerals documented thus far, implies that glycolate minerals may be rather widespread in nature, thus
serving as a potential reservoir for biologically fixed carbon.
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INTRODUCTION

Glycolic acid, C2H4O3, and its salts have been known for
over 160 years. In particular, Heintz (1861) investigated the
chemical behavior of glycolic acid salts and reported the
synthesis of an ammonium salt, NH4(C2H3O3)(C2H4O3). In
nature, glycolic acid is a common and abundant organic com-
pound that can be generated from several biological sources
[see Yang et al. (2022) for a summary]. In addition, glycolate
can be converted from oxalate, or vice versa, through redox
reactions either biotically or abiotically. In the human body,
the conversion between glycolate and oxalate is intimately
associated with obesity and the subsequent development of
chronic diseases, including the formation of kidney stones
(e.g., Knight et al. 2010; Fargue 2019; Bargagli et al. 2020).
The glycolate-oxalate conversion in metabolic pathways of
plants is key to understanding accumulations of biologically
fixed carbon (Igamberdiev and Eprintsev 2016; Dellero et al.
2016). Recently, the abiotic transition between glycolate and
oxalate as a redox couple has generated considerable attention
because it demonstrates a carbon-neutral or CO2-free energy

circulation with the help of some metals or oxides as catalysts
(Fukushima et al. 2018 and references therein).

Metal-glycolate solids have been an attractive subject
of numerous investigations. They are mainly prepared as
intermediates of chemically and structurally controlled oxide
particles (e.g., Day et al. 1996; Ksapabutr et al. 2004; Yu et al.
2007; Ng et al. 2008; Das et al. 2009; Pan et al. 2015; Takase
et al. 2017, Takase and Nishizawa 2018; Zheng et al. 2018;
Zhu et al. 2022) or metals (Chakroune et al. 2005; Anzlovar et al.
2008; Abdallah et al. 2015, 2018; Takahashi et al. 2016). Due
to their lightness and various physico-chemical properties,
metal-glycolates have also been studied as intrinsic functional
materials (e.g., Biros et al. 2002; Chen et al. 2014), as well as
open structure materials that can be used for gas storage or
separation (Abdallah et al. 2018; Yakaboylu et al. 2019;
Mousavi et al. 2022).

This study describes a new glycolate mineral, lianbinite,
ideally (NH4)(C2H3O3)(C2H4O3), discovered from the Santa
Catalina Mountains, north of Tucson, Arizona, U.S.A. The
name of the new mineral honors Bin Lian, a geomicrobiologist
and professor at Nanjing Normal University, China, for his out-
standing contributions to the understanding of interactions
between minerals/rocks and microorganisms. Lian earned his
Ph.D. in biomineralogy from the Institute of Geochemistry,
Chinese Academy of Sciences, in 2000. He is a foremost
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