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Abstract- Freshwater makes up only two percent of the Earth’s 

water resources. It is something we use every day without 

thinking, and often, here in the United States, we send most of 

it down the drain. However, over 1.2 billion people around the 

world face water scarcity due to polluted water systems or arid 

climate conditions. This means that over one fifth of the 

world’s population does not have access to a clean, reliable 

source of water. If over ten billion people are going to reside 

on Earth by the end of this century, there needs to be an 

effective way to provide freshwater to everyone, even to those 

who live in arid regions. A new application of metal-organic 

frameworks (MOF’s, pronounced moffs) could provide the 

solution. 
 This paper will provide an overview of the metal-organic 

framework material, including the multiple characteristics 

that define a MOF. The focus will then narrow in on a small 

subsection of metal-organic frameworks, specifically ones 

used in the adsorption and desorption of water vapor, 

providing an in-depth description of these nanomaterials. This 

paper will then discuss an application of a specific metal-

organic framework, MOF-801. Throughout this discussion, 

MOF-801 will be compared to other MOFs and water 

adsorbing materials. From there, the sustainable impact of the 

MOF will be explored. The discussion will then proceed to the 

possible uses for this specific MOF, suggest two possible 

communities in which it could be implemented, and evaluate 

the validity of using this technology to benefit communities 

with water scarcity issues. 
 

Key words- Water scarcity, metal organic frameworks, water 

adsorption, nanomaterials, MOF-801. 

 

TWO PERCENT VS. TEN BILLION 
 

In the United States, water is commonplace. It comes out 

of our taps, out of our showers, and sits in our toilets. As a 

culture, we no longer see water as a resource. Most of us send 

water down the drain without a second thought while other 

parts of the world face the uncertainty that results from not 

having enough water to survive.  

The Earth is made up of around 71% water. However, 

69% of this water is either too salty or is locked up in the polar 

ice caps. Only 2% of Earth’s water is accessible freshwater that 

humans and other terrestrial organisms can readily consume 

[1]. By the end of this century, it is predicted that there will be 

over 10 billion people living on the planet. Currently, there are 

upwards of 7.5 billion people who call Earth home. Two-thirds 

of them do not have access to a reliable source of clean water 

year-round [2]. 

 Water scarcity is defined as the lack of sufficient 

available water resources to meet the demands of water usage 

within a region [3]. There are many factors that lead to water 

scarcity. The most well-known is climate. Many regions 

around the world have what is known as an arid climate, which 

are areas that receive less than 10 inches of rain per year [4]. 

As a general comparison, Pittsburgh, Pennsylvania receives on 

average around 38 inches of rain per year [5]. Along with 

receiving little precipitation, the rate at which these arid 

regions receive precipitation is sporadic. These conditions 

make it difficult for those who live in these areas of the world 

to effectively store and access water, which leads to water 

shortages. Although dry climate is what many consider to be 

the main cause of water scarcity, pollution of water resources 

and a lack of infrastructure also cause water scarcity around 

the world.  

 Water shortages are problematic for multiple reasons. 

Aside from being unable to provide water for purposes such as 

drinking, hygiene, and cooking, an area suffering from water 

scarcity must also face problems dealing with food security, 

power generation, and civil unrest [1]. Over the years, multiple 

attempts have been made to address the issue of water scarcity. 

However, many of these methods, such as desalination, require 

massive inputs of energy and a large upfront construction cost. 

Methods without this downside, such as dew harvesting, are 

often only efficient in a limited number of scenarios [2]. If we 

cannot provide enough water for all those who currently reside 

on Earth, then how are we going to provide water for the 3.5 

billion who will be arriving throughout the 21st century? Water 

harvesting metal-organic frameworks could be the solution. 

 

METAL-ORGANIC FRAMEWORKS 

 
Origins 

 

The inquiry into super adsorbent, porous materials has 

been ongoing for hundreds of years. Adsorption is defined as 

the ability of a material to hold molecules of a liquid, gas, or 

solute as a thin layer on the outer or internal surfaces of the 
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material. Porosity is the penetrability of a materials surface. 

The most well-known material with these characteristics, 

zeolites, has been used in a multitude of applications, such as 

being the main ingredient in cat litter. Up until the end of the 

20th century, they were regarded as the most adsorbent, porous 

materials known to man [6].  

Then, metal-organic frameworks entered the scene. They 

were first synthesized in the mid 1990’s, and in the years since, 

over 20,000 different MOFs have been created [6]. Metal-

organic frameworks are crystalline materials made up of 

macromolecules. They are composed of metal ion clusters 

called secondary building units (SBUs). The metal ions are 

connected by organic linking structures called ligands [7]. 

Ligands are ‘molecules that can bind to, and form a stable 

complex with, trace metals’ [8]. MOFs are 3D structures that 

contain within them a network of cavities that can be used to 

store guest molecules, such as gases or liquids [6]. To better 

conceptualize what a metal-organic framework looks like, 

think of a jungle gym. The metal SBUs are the joints of the 

structure and the ligands are the organic struts, as shown in the 

figure below.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 1 [9] 

Basic MOF structure 

 

When they were first created, MOFs were only a mere 

curiosity. Researchers realized they had great potential due to 

their amazing porosity and adsorbing characteristics, but these 

early metal-organic frameworks possessed several defects that 

held them back from being incorporated into industrial 

applications. The first metal-organic frameworks were 

inherently unstable. They broke down when introduced to high 

pressure, elevated temperatures, and other chemicals. These 

factors made them too fragile to maintain permanent porosity. 

For example, upon adsorption of guest molecules, such as 

water or hydrogen gas, the removal of these molecules resulted 

in the collapse of the MOF’s 3D structure. This collapse 

rendered them nonporous [10].    

The issue of MOF instability was resolved when 

researchers discovered that by linking the secondary building 

units in specific geometric topologies (structure shape), such 

as squares or octahedra, they could achieve a strong permanent 

porosity in metal-organic frameworks [9]. From that point on, 

research and applications with MOFs exploded. Now that they 

were stable, the initial characteristics that had excited scientists 

upon their discovery could be fully utilized.  

Metal-organic frameworks’ greatest potential lies in their 

phenomenal internal surface area. Compared to zeolites, which 

are similar to MOFs in that they have a crystalline structure 

and are capable of storing guest molecules, the surface area 

inside a MOF is almost ten times larger [11]. For a better 

picture, ‘one gram of a MOF crystal the size of a sugar cube 

has an internal surface area approximately equal to the area of 

a football field’ [11]. Another unique characteristic of these 

materials is that they are customizable. The surface area, pore 

size, and topology can be manipulated by the many different 

combinations of SBUs and organic ligands, giving each 

individual MOF specific characteristics, such as high 

hydrophilicity, or attraction toward water molecules.  

 

Versatility of MOFs 

 

MOFs have been used in many applications since their 

inception. These applications include those of gas storage, gas 

separation, and even catalysis [10]. As these nanomaterials are 

seen in various applications, the question arises of where this 

versatility stems from. This question can be answered by re-

analyzing the definition of a MOF. For a nanomaterial to be 

considered a MOF, it must be composed of metal ions that 

make up the SBUs of the nanomaterial, and organic ligands 

that bridge these metal ions together and provide the overall 

topology of the framework. With this broad classification, as 

well as the many combinations of metals and ligands that can 

be organized, comes the versatility of these materials. 

The first aspect that allows the MOFs to be versatile is 

the individual metal-containing units. In order for a metal ion 

to be viable in the construction of a metal organic framework, 

it needs to have, “more than one vacant or labile site”, meaning 

that it must have multiple sites where it can bind to the organic 

ligand, or it must have sites that can easily be altered to allow 

this binding to happen [7]. The interchangeability of these 

metal ions allows for MOFs to be synthesized with different 

intentions, due to the different properties of the metal ions. An 

example of this is the prevalence of zirconium-based MOFs in 

water adsorption due to the fact that zirconium can attract 

water in high quantities [8]. 

The second aspect that provides metal organic 

frameworks with their versatility is the use of organic ligands 

to give the backbone of the material. These ligands are often 

carboxylates but can also be a multitude of other organic 

anions, such as sulfonate and phosphonate. This variability in 

the anions making up the ligands, on its own, provides a great 

deal of the variety to the structures, however, the ligands can 

be manipulated further. Ligands are classified by the number 

of anions available to bind with: having two available anions 

corresponds with a ditopic ligand, having three available ions 

corresponds with a tritopic ligand, etc. [7]. The number of 

available anions directly affects the topology of the structure, 

influencing the pore shape and size, and, in turn, decreasing or 
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increasing the area for guest interactions. This will cause an 

increase or decrease in the guest molecule yield of the material. 

The lengths of the ligands can even be altered, which affects 

topology and size. As variable as the ligand shape and size is, 

there are a small set of combinations that are favored by the 

scientific community, as some combinations can result in 

interpenetration, where multiple structures intertwine, causing 

a decrease in pore size [12].   

                                          

THE NEW LOOK AT METAL-ORGANIC 

FRAMEWORKS 

 
Although metal-organic frameworks have been around 

for a while, researchers have only recently begun applying 

them to the process of water collection. The process in question 

is harvesting water vapor directly from the atmosphere. Nature 

has been using this technique of water collection for millennia. 

One example is the Namib Desert beetle, which survives by 

collecting water vapor from the morning fog through the waxy 

bumps on its back [13].  Now, zirconium MOFs are being used 

in a similar fashion to adsorb atmospheric water vapor at low 

relative humidities (RH) and turn it into liquid drinking water.  

 

WATER ADSORBING METAL-ORGANIC 

FRAMEWORKS 
 

 How They Work 
 

Metal-organic frameworks allow for the adsorption of 

water molecules without the water affecting its basic structure. 

This process of adsorbing without side effects is known as 

physisorption [14]. 

 The metal-organic frameworks currently being studied 

for water harvesting applications typically have zirconium 

metal as the secondary building units. Zirconium is the metal 

of choice due to a variety of factors. Toxicity is a factor 

considered when designing MOFs for the process of water 

vapor extraction. Since zirconium is known to be nontoxic, 

health concerns over the quality of the water collected by 

MOFs would be minimal [15]. Another factor that makes 

zirconium a top choice for the construction of water harvesting 

MOFs is the strong bonds that form between zirconium SBUs 

and the oxygen atoms that compose sections of the organic 

ligands. The covalent bonds that forms between them increases 

the structural integrity of the SBUs attachment to the ligands. 

As a result of these bonds, most Zr-MOFs are stable in organic 

solvents and water [15].      

The experimental process of MOFs water adsorption 

begins with a relative humidity around 40% and a temperature 

of 77 degrees Fahrenheit (room temperature). These conditions 

are set to imitate the summer nighttime conditions experienced 

in arid, desert climates. Air flows through the pores of the Zr-

MOFs, and the first initial water molecules that enter the metal-

organic frameworks are held inside the structures through 

hydrogen bonding. More water molecules are trapped in the 

cavities of the MOFs’ structure by the formation of new 

hydrogen bonds with the previously confined water molecules. 

New nucleation sites (binding sites) are created as more and 

more water is adsorbed, which continuously packs the water in 

layers, filling the MOFs’ structures. Adsorption lasts for eight 

hours [16].  

To extract the collected water, the relative humidity is 

brought to 10 % and the temperature is raised to 113 degrees 

Fahrenheit. These conditions mimic the summer daytime 

conditions experienced in arid, desert climates. The humidity 

is set so low so that the MOFs can pull in few water molecules. 

The bonds between the captured water molecules and the 

structure break due to the increased temperature. With their 

increased energy, the water molecules exit the MOFs’ cavities 

through evaporation. Once outside the structure, they are 

collected by a condenser which turns the water vapor into 

liquid water. Desorption lasts for twelve hours. A steep 

temperature and relative humidity swing is needed for water 

harvesting MOFs to provide their maximum yield. Without it, 

the collected water molecules would stay locked inside the 

MOF structure. The experimental process described was 

performed in a climate-controlled chamber that allowed for 

constant temperature and relative humidity conditions [16].  

 

Criteria for Water Adsorbing MOFs 

 

 For these nanomaterials being used specifically for water 

adsorption, there are three criteria, outlined by Yagi et al. [12], 

that must be considered when attempting to synthesize an 

effective water adsorbing MOF. These criteria outline what 

makes a MOF that is not only able to adsorb water, but also 

able to do so with optimized efficiency and reduced negative 

effects.  

 For MOFs to be a viable material for use in water 

adsorption, they must be able to harvest water from the 

atmosphere at low relative humidity—relative humidity being 

the percent value of relative pressure. To give a benchmark for 

this criterion, previous systems for water capture, such as using 

a dew harvesting method, were only viable in environments 

that had relative humidities of 50% or higher. This would 

indicate that MOFs need to be able to adsorb water in sub-50% 

relative humidity to be a more effective material than their 

predecessors with regard to this criterion. This seems to be an 

attainable goal, as some metal organic frameworks, such as 

MOF-801 which will be discussed further in a later section, are 

suitable for environments with relative humidities as low as 

20% [17]. 

 The next criterion on which the success of water 

adsorbing materials is measured is their uptake capacity. The 

uptake capacity is the total amount of water that can be 

adsorbed in the material. The main factor that affects this in 

many porous materials is the surface area inside the pores [12]. 

The more surface area, the more hydrophilic molecules come 

into contact with the atmosphere, resulting in a larger amount 

of water being adsorbed by the material. The increase in 
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surface area likely will yield a material with more volume to 

hold water. 

 The third and final criterion MOFs are judged upon is 

their stability and their ability to sustain their efficacy 

throughout multiple cycles of adsorption and desorption 

without much energy being needed to maintain the system 

[12]. A major downfall of a previous set of porous materials, 

microporous zeolites, was that their longevity took a large 

amount of energy to sustain, as the bonds formed with the 

zeolites and the water were strong and would need a high 

amount of energy to be broken. While they were good at 

adsorption, they were lacking in desorption, and therefore were 

not an efficient option for water harvesting. 

 

MOF-801 AND SUNLIGHT 
 

It is estimated that the water vapor in the atmosphere 

contains almost 13,000 trillion liters of water [2]. Since water 

vapor is constantly being refreshed by evaporation from the 

oceans and atmospheric circulation, the water in the 

atmosphere can be considered a limitless, renewable resource 

[17]. Tapping into this natural resource could help address the 

issue of water scarcity faced by one fifth of the world. 

Recently, researchers at MIT and the University of California, 

Berkeley have created a prototype water harvesting device that 

can pull water vapor directly out of the air with the use of 

metal-organic frameworks, specifically MOF-801. The device 

turns the captured water molecules into liquid drinking water 

with the energy provided by natural sunlight.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 [2] 

(A.) Prototype (B.) Water droplets being desorbed as 

temperature of MOF layer rises (C.) Progress of 

experiment 

 

The prototype experiment was performed on the roof of 

a building at MIT. The device was left outside overnight for 

vapor adsorption. Adsorption began with a relative humidity 

of around 65%. Inside the device, the MOF-801 layer is 

situated between a top layer that absorbs sunlight and a bottom 

layer that remains the same temperature as the outside air. 

Once the sun came up and the top solar absorbing layer was 

exposed to sunlight, which amounted to the energy equivalent 

of about 1 kW per square meter, water droplets began to form 

on the MOF layer’s surface. The droplets form because the 

heat absorbed by the top layer also heats up the MOF layer, 

which draws the water vapor from the pores. The regeneration 

temperature of the top layer reached around 150.8 degrees 

Fahrenheit and the relative humidity inside the device hovered 

near 10%. The transport of the desorbed vapor from the MOF 

layer to the condenser occurred by diffusion. Due to the 

temperature and concentration difference between the layers, 

the droplets drip down to collect on the lower, cooler layer’s 

surface. The device has the potential of harvesting 3 quarts of 

water per 2.2 pounds of MOF each day [2].  A typical person 

needs a little more than a soda can’s worth of water per day, 

which is around 12 ounces [11].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 [18] 

Nighttime and daytime cycles 

 

WHY 801? 
 

MOF-801 is a zirconium metal-organic framework 

microcrystalline powder. This MOF has a similar appearance 

to baby powder. It is composed of ‘12-connected Zr-based 

clusters Zr6O4(OH)4(-COO)12 joined by fumarate linkers into a 

three-dimensional, extended porous framework of fcu 

topology’, which is pictured below [2].  

 

 

 

 

 

 

 

 

 

FIGURE 4 [2] 

Single MOF-801 structure. Blue shapes represent Zr; 

large yellow, green, and orange ball represent cavities 
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 Inside, it contains three symmetrically independent 

cavities into which water molecules can be captured and 

concentrated [2]. It has all the advantages of Zr-MOFs, but also 

exhibits other advantages that make it the ideal material to use 

for the construction in this prototype.  

 MOF-801 has a well-known water adsorption behavior 

on a molecular level and adsorbs water molecules despite 

relative humidity levels as low as 20%. This means it can still 

produce a high yield of water in desert-like conditions. It also 

possesses high stability and can be used for multiple water 

adsorption/desorption cycles [2]. It fits all three criteria for a 

metal-organic framework to be used for water harvesting.  

 

Feasibility of Mass Production 

 

 In order to be used in practical applications, a mass 

rollout and implementation of the MOF-801 would need be to 

be feasible. This feasibility comes down to a multitude of 

factors which include the cost to make the material and 

implement it, how much clean water can be adsorbed through 

the system, and the amount of upkeep needed to sustain the 

adsorption process. The previously mentioned prototype is the 

closest to market application of MOF-801. The feasibility of 

mass production of this prototype will be evaluated in this 

section. 

The prototype uses a 1.97 inch by 1.97 inch and 0.122-

inch-thick layer of MOF-801, which corresponds to 0.047 

ounces of the MOF per unit [17]. Zirconium, as mentioned 

before, is popular for MOF synthesis due to its relatively low 

price. With only 0.047 ounces of the MOF being used, and 

Zirconium being $150 per 2.2 pounds, the actual cost from the 

MOF itself will be miniscule. The bulk of the cost will end up 

coming from other components of the technology and the 

synthesis process of the MOF.  

The synthesis process is becoming more streamlined, 

though, with a new technique being developed. This technique 

is named microdroplet flow synthesis, and it shows promising 

advances in the creation of MOF-801. The previous technique, 

solvothermal synthesis, only had a yield of 65.7% after 24 

hours of synthesis. This new technique has a much higher yield 

of 85.2% in 32 minutes. On top of this higher yield, the process 

makes higher quality materials that have more consistent and 

uniform structures and is able to make higher quantities of the 

material at one time [19].  

Per unit, a total of 0.004 quarts per day can be produced; 

however, this lack of production is not due to a deficiency in 

the material, it is a result of the amount used, as MOF-801 can 

produce approximately 3 quarts per 2.2 pounds per day [2]. 

With a typical person needing a little more than 0.375 quarts 

of water per day, in order for the MIT prototype to make a 

significant difference in a community, the community must be 

equipped with many of these smaller systems, or the system 

itself must be made bigger to utilize a larger amount of the 

MOF [11]. This would negatively affect the feasibility of mass 

production of this technology, however, there are plans for the 

final product to be “as big as a carry-on suitcase so it can 

produce enough water for a family of four,” which is promising 

in that the creators are already addressing the issues with the 

prototype [20]. A major implementation in a community in 

need could be on its way. 

The amount of upkeep needed to continue the water 

adsorption and desorption process of this technology is quite 

small. Most of the prototype was passive, in that it did not need 

any input of energy besides the electronic regulation of the 

condenser’s temperature. The temperature regulator used in 

the prototype, however, was implemented so they could test 

the adsorption capabilities of the device without worrying 

about having the desired temperature. The regulator will be 

removed in future iterations, as the vapors desorbed by the 

MOF will be able to condense with the help of a heat sink. A 

heat sink is a passive device that stores excess heat from a 

system with the use of an air or liquid medium. Therefore, 

there would be no energy needed to keep up the process of 

adsorption and desorption other than natural sunlight, making 

it a very attractive technology to be mass produced. 

  

Accessible to All 

 

 Although the prototype uses a small amount of MOF, if 

the device were to be scaled up, this would increase the amount 

of MOF needed and the overall price of the device. A device 

that would be able to produce enough water for one person 

would require about .275 pounds of MOF. This would make 

the cost of the device around $18.75 and it would produce 

about .375 quarts of water per day. If the device were to be 

scaled up to provide enough drinking water for a family of 

four, the device would be around $75 and produce about 1.5 

quarts of water per day. For those living in the developed 

world, tap water is cheap and readily accessible. A gallon of 

tap water is under $0.10 in most areas of the United States [21]. 

In its current form, the prototype would be a novelty rather 

than an actual source of water. Few would need or want the 

device when they have the ability to obtain more water for a 

cheaper price.   

 On the other hand, developing nations do not always have 

the same access to water that developed nations do, but the 

price of the device would make it inaccessible to millions 

living in these countries. For example, over 456 million people 

in India live in poverty [22]. Those who live in poverty are 

often the ones who lack access to a clean, reliable source of 

water, which makes them the ones who would benefit the most 

from the device. However, with the average daily income 

being about a $1.25, the device would never be attainable for 

them [22]. To make the device more affordable, researchers 

are considering switching from zirconium to aluminum as the 

secondary building units in the MOFs [23]. Aluminum is more 

common and ‘is 100 times cheaper than zirconium’ [23]. By 

making this substitution, it could be a way to bring down the 

price of the prototype.  

One concern that could arise with the device is the 

cleanliness of the water produced. One reason zirconium is 

used in the synthesis of water harvesting MOFs is to address 
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this concern due of its nontoxic nature. While there is starting 

to be a shift away from zirconium as the main metal used, its 

substitute, aluminum, is also non-toxic. Throughout the 

adsorption/desorption cycle of MOFs, dust and other particles 

can condense along with the water vapor [17]. With further 

development of this device, a small filter will need to be added 

to clean any minor impurities. This would be relatively simple, 

however, and should not affect the implementation of the 

device. 

 MOF-801 is extremely stable mechanically, chemically, 

and thermally, which allows the material to maintain its shape 

and performance throughout over 1,000 adsorption-desorption 

cycles [24]. This stability, that is often attributed with other Zr-

MOFs, is due to the strength of bonds between the zirconium 

and oxygen atoms, as well as the high number of linkages 

between the SBU’s. Thus, the technology does not need a lot 

of upkeep, as the lifetime of the material is quite long. Along 

with the passivity, this factor allows the technology to be quite 

viable from a sustainability standpoint. Not only is there no 

need to keep up a certain energy input, there is no need to 

constantly maintain the units, allowing for a practically self-

sustained system with which many lives can be positively 

affected. 

 

DAY ZERO  

 
 Cape Town is the second largest city in South Africa, and 

it is rapidly running out of water. It is predicted that on June 

4th of this year (date subject to change), the city’s reservoir will 

run dry, leaving over 4 million people without water. The 

severity of the situation is becoming more pronounced by the 

day. Currently, citizens are restricted to using only 52.83 

quarts of water per person per day for all of their daily needs 

[25]. This amounts to about 13 gallons a day per person. In 

contrast, in the United States, the average person uses about 80 

to 100 gallons of water per day [26].  In Cape Town, people 

stand for hours in line waiting for their allotted water supplies. 

More police are on duty throughout the city to control the 

growing tension, unwashed hair is now a common trait among 

residents, and water is recycled wherever possible [25].  

 Cape Town has a Mediterranean climate, meaning they 

have mild to cool, wet winters, and long, dry summers. So, if 

Cape Town does not have an arid climate, then what led to the 

water shortages? There are several factors that led to the 

current crisis. One of the top factors is the region is currently 

experiencing its worst drought in over a century. The region is 

also in the midst of its dry season, where there is little to no 

precipitation for weeks at a time. The city of Cape Town has 

also experienced a population boom over the past decade, 

which placed further strain on the city’s water system [25].  

The city has had water conservation practices in place 

before the crisis started. Only a certain amount of water was 

permitted to be drained from the reservoir each year. However, 

these plans were based on the assumption that the reservoir 

would be recharged by the same amount each year. With the 

region’s drought conditions and a rapidly increasing city 

population, this was not the case. More water was being used 

than water was being put in. Now, city officials must decide 

what actions to take once the reservoir level drops to 13% and 

the city must shut off all the taps [27].   

 

A Future Solution 

 

A few solutions that are currently underway to address 

the water shortages in Cape Town are the construction of a 

network of desalination plants, the drilling of new water wells, 

and the construction of a plant that would reuse effluent. 

However, it is unclear when these projects will go into service, 

and almost all of them are behind schedule [26]. Other tactics, 

such as recycling water at home or enforcing water restrictions, 

can only push off the inevitable for so long. 

In such a situation, a water harvesting device 

incorporating metal-organic frameworks, such as the MOF-

801 prototype designed by MIT and the University of 

California Berkeley, could alleviate some of the stress placed 

on the residents of Cape Town due to the water shortages. 

These devices could easily be installed on the rooves of homes 

to collect drinking water throughout the night and deliver it 

during the daytime hours. There would be no need for 

additional infrastructure if these devices, with the necessary 

changes, were implemented, and there would also be no need 

for additional power input.  

All of this, however, is pure speculation. MOF water 

harvesting technology is still in its infancy and would not be 

able to fulfill all the water needs in Cape Town, at the moment. 

The prototype device delivers only a small amount of water, 

and it takes several hours for the water to be completely 

drained from the MOFs. Also, much of the research conducted 

using MOFs for water adsorption/desorption has been 

performed in lab scenarios where temperature and relative 

humidity have been carefully regulated. Few experiments have 

been conducted in real-world scenarios.  

Despite such limitations now, the implications of a water 

harvesting device are staggering.  A third of the world lives in 

regions where water is scarce, and sunlight is plentiful [11].  

Having access to a water source that is clean and does not rely 

on infrastructure or waiting for the rains to come could change 

the lives of millions.  

      

FLINT, MICHIGAN 
 

 In late 2014, the town of Flint, Michigan, found 

themselves with a major water scarcity problem. This problem 

did not stem from them having an arid climate, it arose due to 

a high amount of trihalomethanes and lead present in the water. 

The lead came from the city’s old pipes after the water supplier 

was changed. Trihalomethanes have been linked to multiple 

health problems such as lung and heart issues. Lead has been 

linked to other health conditions when ingested as well such as 

lead poisoning and brain damage [28]. 
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 In a sample taken from a home in Flint, it was found that 

the water supply was contaminated with lead at a concentration 

of 13,000 parts per billion (ppb). The U.S. Environmental 

Protection Agency has designated the maximum amount of 

lead present before action must be taken at 15 ppb [28]. This 

amount of lead as well as the presence of trihalomethanes 

rendered the water of Flint undrinkable. 

 By 2017, three years later, the lead in the water was said 

to be back to normal levels [29]. However, there is still residual 

effects, among these are the continued and projected health 

concerns for many children in the town. 

 

MOF-801 In Flint 

 

 While most of the water scarcity issues during the Flint 

water crisis were addressed by decontaminating the water, 

many families were without water for a long period of time. 

This new MOF enabled technology may have helped lessen the 

consequences of the contamination while the work was being 

done to fix it. 

 While Flint was one of the first widely covered examples 

of United States infrastructure failing and affecting the citizens 

that live around it, it will likely not be the last. Many of the 

pipes in the USA were laid in the early twentieth century and 

only have a lifespan of 75-100 years. These pipes, much like 

the pipes in Flint are beginning to reach the end of their 

lifespan, some already past their intended length of use. This 

can begin to cause problems such as water main breaks, which 

will lose clean drinking water, or contamination of the water 

from material in the deteriorating pipes [30]. These water 

adsorption devices could act as a backup for communities with 

contaminated water supplies such as Flint, Michigan. Had the 

citizens had a device to be continuously adsorbing and 

desorbing water, the water crisis would have had a much 

smaller effect on their lives. While this is speculation, and the 

technology is still in its infancy, the ability to draw water 

directly from the atmosphere has exciting public health 

implications for the future, and hopefully this technology will 

leave communities better equipped to take on their own water 

crises. 

 

IMPORTANCE 
 

 The synthesis of water adsorbing MOFs is immensely 

important for the future of public health in areas with water 

scarcity issues. Technologies are being developed that can be 

implemented in places with arid climates or areas with 

contaminated water supplies. 

 While research into the MOFs that are used in some of 

these technologies has been intriguing for years, only recently 

has the research progressed to the point where there is almost 

a viable solution to address water scarcity issues. The future of 

atmospheric water adsorption, while not guaranteed, is indeed 

promising, and it deserves the attention of some of the greatest 

minds the scientific community has to offer. As the Earth 

continues to be inhabited by more and more people, the 

amount of water necessary to accommodate the population will 

also rise. Water scarcity, although not often talked about, is a 

problem that is currently being faced by an increasing number 

of communities and, if not addressed, this trend will only 

continue. 

 The materials and technologies discussed in this paper 

provide evidence that research into water adsorbing 

technologies and materials can provide fruitful and positive 

results that can ultimately solve one of the world’s biggest 

issues. 
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