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SUPPLEMENTARY TEXT
Experiment Description

Here, we provide further explanations and Instructions regarding the relevant experiment. We label the names of each component of the experimental apparatus, introduce the specifications and models of the various device and explain the experimental process and observed phenomena.

Charge-type Electrostatic Field Method Water Level Difference Experiment is illustrated in Fig.S1 with labeled components, and the specifications and models of the device used are detailed in the caption below the figure. During the experiment, a solution is injected into the middle chamber, which is then sealed at the top. Pure water is injected into the left and right chambers, each connected at the top with an open transparent rubber tube through which water can flow. Upon injection, osmosis occurs, with pure water seeping into the middle chamber from both sides, causing a slight drop in water levels in both tubes. Since the RO membrane on the left is uncharged, the solution concentration at the interface remains normal, corresponding to a normal osmotic pressure. As pure water enters the middle chamber, pressure increases, and the left side reaches normal osmotic pressure first. On the right, the nanofiltration membrane is charged, leading to an increased ion concentration at the membrane interface due to electrostatic attraction, which corresponds to a higher osmotic pressure. Consequently, the water on the right continues to osmosis into the middle chamber, exceeding the normal osmotic pressure and creating reverse osmosis against the left RO membrane, thereby forcing water out of the solution. The water level in the right tube continues to drop, while the water level in the left tube begins to rise. If the initial water levels are equal, after some time, the water levels on both sides will no longer be equal, resulting in a difference in water levels. As osmosis and reverse osmosis continue, the nanofiltration membrane on the right reaches osmotic equilibrium, and pure water ceases to osmosis into the middle chamber, stabilizing the water level in the right tube. Similarly, the RO membrane on the left reaches reverse osmosis equilibrium, halting the reverse osmosis of pure water and stabilizing the water level in the left tube. Eventually, the system reaches water level equilibrium, with a noticeable water level difference between the left and right tubes. However, semipermeable membranes are not ideal, and solute particles will always diffuse through them into the water, affecting the osmotic pressure and equilibrium water level. Typically, RO membranes have small pore sizes and strong ion retention capabilities, while nanofiltration membranes have larger pore sizes and weaker ion retention capabilities. Therefore, more ions tend to diffuse to the right side, resulting in a rapid change in concentration. It can be proven that as diffusion proceeds, the ion concentrations on both sides of the water become unequal, creating an osmotic pressure difference that results in the water level rising on the right side and falling on the left side. This effect is precisely the opposite of the electrostatic field effect. As the difference in ion concentration between the left and right sides of the water continues to widen, the osmotic pressure difference also increases. When the osmotic pressure difference corresponding to the ion concentration difference caused by diffusion, along with the water level pressure difference, equals the osmotic pressure induced by the electrostatic field, the water flow reaches an equilibrium state. At this point, the water level difference between the left and right sides is the equilibrium water level difference. Considering that when the initial water levels are equal, the time taken for osmosis is long, and during this time solute diffusion affects the concentrations of water on both sides, thereby influencing the equilibrium water level, it is difficult to directly measure the water level difference caused solely by electrostatic effects in the experiment. Subsequent experiments were modified to start with a higher water level on the left and a lower water level on the right, in order to shorten the osmosis process and minimize the impact of solute diffusion on the equilibrium water level. The relevant experimental results have been presented in the main text.
Charge-type Electrostatic Field Method Water Lifting Experiment is illustrated in Fig.S2, with labeled components. The specifications and models of the device used are detailed in the caption below the figure. The middle chamber is filled with the solution and sealed at the top. Pure water is injected into both the left and the right chambers. The upper end of the left chamber is connected to a transparent rubber tube, which is open, water can flow inside a pipe into the upper water tank. The lower end of the right chamber is connected to a transparent rubber tube, which is filled with water and placed in the lower water tank, allowing water to flow through the tube. The mechanism of osmosis and reverse osmosis is consistent with the above. Due to osmosis, water from the right chamber continuously enters the middle chamber, and the lower rubber tube constantly sucks up water from the lower water tank to replenish it. Due to reverse osmosis, the water in the middle chamber continuously flows into the left chamber and enters the upper water tank through the rubber tube at the top of the left chamber. This achieves the water-lifting from the lower water tank to the upper water tank. The “Water Lifting Experiment Video” is located after this supplementary material.
Membrane Pore Difference Method Reverse Osmotic Pressure Measurement Experiment is illustrated in Fig.S3, with the device and their specifications detailed below the figure. The main unit of the apparatus is the same as that used in the water level difference experiment, but the rubber tube is removed, the left chamber is sealed and connected to a pressure gauge for measuring the reverse osmosis pressure, and the right chamber is filled with water and left open. The experiments were conducted using solutions of 2% Na2SO4, 3% C6H5Na3O7, and 10% C6H12O6, respectively. Due to the lower osmotic coefficient of the laminated double-layer membrane compared to a single-layer membrane, the osmotic pressures at both ends of the solution are unequal. Following the same principles of osmosis and reverse osmosis mentioned earlier, water from the right chamber osmoses into the middle chamber and then reverse osmoses into the left chamber, generating pressure. The reverse osmosis pressure was measured using the pressure gauge. Spontaneous reverse osmosis occurred in all experiments, with a maximum reverse osmosis pressure of 560 kPa achieved, equivalent to a water height of approximately 57 meters.

Additional Experiments. In addition to the experiments introduced in the main text, we have also conducted circulating water flow experiments, tandem experiments, water level difference experiments using membranes of different sizes, and direct osmotic pressure measurement comparison experiment. The circulating water flow experiment involves folding the rubber tube on the left side of the Charge-type Electrostatic Field Water Level Difference Experiment upwards and bending it rightward, allowing water droplets to fall into the water pipe on the right, thereby creating a circulating water flow. The longest circulation achieved was 21 days. The tandem experiment involves connecting two Charge-type Electrostatic Field Water Level Difference Experimental devices in series, specifically by linking the left water outlet rubber tube of the first device to the right water inlet of the second device. The aim is to test whether the water level difference can be doubled when the devices are connected in series. The experimental results indicate that the series connection of the devices enables the superposition of water level differences. The Membrane Pore Difference Method Experiments demonstrated water flow towards the membrane with lower pore density. Some have suggested that this was not due to the influence of pore density, but rather the result of a decreased number of membrane pores. In response to such doubt, we conducted an experiment on water level difference using two RO membranes of the same size, but, one membrane was intact, while the other had half of its area coated with glue to simulate a reduction in the number of membrane pores. The results showed no significant change in the water level on either side, proving that differences in membrane area size and the number of membrane pores do not cause water level differences. To more intuitively examine the effect of membrane pore distribution density on osmotic pressure, the team also conducted a direct comparative experiment, measuring osmotic pressure using tightly adhered double-layer RO membranes versus single-layer RO membranes. The results confirmed that tightly adhered double-layer RO membranes produce lower osmotic pressure and, correspondingly, smaller osmosis coefficients.
Measurement Error

During the experiment, for concentration measurement, a concentration detection pen is used, with a maximum value of 9999PPM and a minimum value of 1PPM. For temperature measurement, a thermometer is employed, featuring a resolution of 0.1 ℃. For water level difference measurement, a tape measure is utilized, which has a total length of 5 meters and a minimum graduation of 1mm. For pressure measurement, a pressure gauge is adopted, with a measuring range of 0.6MPa and four significant digits.

The ratio of resolution to measured value is converted into the corresponding water level height, the impact of measurement errors from the concentration detection pen, and thermometer on the measured value of water level difference is less than 0.01m; The pressure gauge has a resolution of 0.1kPa, corresponding to a water level height of approximately 0.01m. The influence of measurement errors on the experimental results can be neglected.

[image: image1.emf]Experiment  Video.mp4

Fig. S1. Labeled Diagram of the Charge-Based Electrostatic Field Water Level Difference Experiment Apparatus
The main part of the experimental apparatus: A 14mL multi-port microbial reactor is mainly composed of acrylic blocks with screw holes at the four corners, with three hollow blocks in the middle, and two solid blocks at both the left and the right side. A screw rod is used to pass through the screw hole to string together five acrylic blocks to form a hollow cavity. Two semipermeable membranes divide the hollow cavity into three chambers. 

Semipermeable membranes: FFM Technology (Beijing) Co., Ltd. The left side of the device is the RO membrane and the right side is a nanofiltration membrane, all are 28mm diameter round pieces. The model of RO membrane is FFM-FR, with a retention molecular weight of 100 Daltons and uncharged. The model of nanofiltration membrane is FFM-NL, with a retention molecular weight of 300-500 Daltons and negatively charged.

Transparent rubber tube: with a 5mm inner diameter.

Solvents: Purified drinking water on the market.

Solute: C6H5Na3O7、Na2SO4. Tianjin Zhiyuan Chemical Reagent Co., GB/T9853-2008，Analytical grade.

Solution: self-prepared solution, with a concentration of 0.5% to 1.5%.

Concentration meter: Xiaomi TDS detection pen, model XMTDS01YM.
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Fig. S2.  Labeled Diagram of the Charge-type Electrostatic Field Method Water Lifting Experiment Apparatus 
The main part of the experimental apparatus: It is the enlarged version of the aforementioned device, a 118mL multi-port microbial reactor is mainly composed of acrylic blocks with screw holes at the four corners, with three hollow blocks in the middle, and two solid blocks at both the left and the right side. A screw rod is used to pass through the screw hole to string together five acrylic blocks to form a hollow cavity. Two semipermeable membranes divide the hollow cavity into three chambers. Compared to the previous device, the main change is that the water inlet has been moved to the bottom, and an additional set of brackets and two water tanks (one above and one below) have been added. The bracket is used to hold the main part of the experimental apparatus and the water tank.
Semipermeable membranes: FFM Technology (Beijing) Co., Ltd. The left side of the device is the RO membrane and the right side is a nanofiltration membrane, all are 56mm diameter round pieces. The model of RO membrane is FFM-FR, with a retention molecular weight of 100 Daltons and uncharged. The model of nanofiltration membrane is FFM-NL, with a retention molecular weight of 200-300 Daltons and negatively charged.

Transparent rubber tube: with a 5mm inner diameter.

Solvents: Purified drinking water on the market.

Solute: Na2SO4. Tianjin Zhiyuan Chemical Reagent Co., GB/T9853-2008，Analytical grade.

Solution: self-prepared solution, with a concentration of 0.5%.

Water tank: Acrylic transparent water tank.

Bracket: Composed of four acrylic rods and two acrylic plates (one on top and one at the bottom).

Concentration meter: Xiaomi TDS detection pen, model XMTDS01YM.
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Fig. S3. Labeled Diagram of the Membrane Pore Difference Method Reverse Osmotic Pressure Measurement Experiment Apparatus

The main part of the experimental apparatus: It is a 118mL multi-port microbial reactor. Primarily composed of acrylic blocks with four-cornered threaded holes, the three central sections are hollow, separated by two perforated plates. The left and right blocks are solid. Seven acrylic blocks are connected into a cavity by threading screws through the holes. The cavity is divided into three chambers by a semi-permeable membrane, the two perforated plates bear pressure, preventing deformation and damage to the semi-permeable membrane.

Semipermeable Membranes: FFM Technology (Beijing) Co., Ltd.  RO membrane, Diameter 56mm. The model of RO membrane is FFM-FR, with a retention molecular weight of 100 Daltons and uncharged. 

Solvent: Pure water.

Solute: Na2SO4, C6H5Na3O7, C6H12O6. Tianjin Zhiyuan Chemical Reagent Co., GB/T9853-2008，Analytical grade.

Solution: Prepared independently, with a concentration of 2%-10%.

Pressure gauge: 0.6 MPa pressure gauge.

Concentration meter: Xiaomi TDS detection pen, model XMTDS01YM.

Water Lifting Experiment Video
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